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INTRODUCTION 
For man/ hundreds of years, farmers have been returning cattle manure to 
the land for two main reasons. The first was that it improved plant growth, and 
the second was as a means of disposing of the large amounts of waste material. 
Before the advent of chemical fertilizers, farm manure was the primary means of 
maintaining the fertility of the land. However, with these chemical fertilizers 
and the constantly increasing intensity of agriculture, the value of manure has 
been lowered to the point where developing economic and environmentally ac¬ 
ceptable means of disposing of the manure is of greater concern on many farms 
than the conservation of the material for land enrichment. In consequence, 
these factors demand that larger amounts of manure be applied to smaller land 
areas. This trend has led to much environmental concern due to the amounts 
of nutrients in manures which could become watershed contaminates. Because 
of this, it has become necessary to determine if large amounts of manures can 
be applied to a cropped soil without adversely affecting the crops, soil or 
watershed. 
In 1970 and 1973, studies were begun in Massachusetts to examine changes 
occurring in highly manured cropped soils. The experiments were designed to 
monitor the fertility of these soils, crop growth and yields, and leachate water 
quality from them. It is hoped that these studies will result in a better under¬ 
standing of the changes occurring in highly manured soils and how they affect 
crop growth and water quality. 
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LITERATURE REVIEW 
The Nutrient Content and Conservation of Manure 
The nutrient content of dairy manure is not constant, but depends on many 
factors. These include the type of cattle, the composition and amount of their 
feed, the age and condition of the animals, the season of the year, and the 
moisture content of the manure (8, 34, 62). Because of these many factors, 
accurate analytical concentrations of dairy manures remain difficult to predict. 
All manures contain significant quantities of the macronutrients N, P, K, 
Ca, Mg, and S as well as the micronutrients Mn, Cu, Zn, Fe, Na, Mo, and 
B (5, 8, 32, 34,62). In an effort to characterize dairy manures as to their 
nutrient content, many analyses have been made on various dairy manures 
over the years. However, due to the factors previously discussed, the results 
of this work have shown wide variations in relation to the nutrient contents of 
the dairy manures tested. Benne (8) found the content of dairy manure to be 
.5%N, .1%P, and .5%K in 1960. In 1961, Hemmingway (34) reported the 
results of analyses of 50 samples of barnyard manure which had partially rotted 
tobel.7%N, .24% P, and 1 .3% K. And an earlier report by Cooke and 
Garner (18) in 1954 found N, P, and K to average .5%, .1%, and .4%, 
respectively, in fresh dairy manure. These reports illustrate the wide vari¬ 
ations in the macronutrient content of dairy manures which is due to the dy¬ 
namic nature of the manure itself. 
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Dairy manures have also been found to contain relatively large amounts of 
micronutrients (5, 8, 34, 45). Atkinson et al. (5) have found from the analyses 
of 18 cattle manure samples that zinc averaged 96.2 ppm, manganese 201.1 ppm, 
copper 15.6ppm, and molybdenum 2.4ppm on a dry weight basis. Average values 
on a dry weight basis have also been reported for Fe, Mn, Zn, Cu, and Mo to be 
40, 10, 15, 5, and 1 ppm, respectively (8). And Hemmingway (34) reported 
copper to average 19.8 ppm and manganese 182 ppm from manure samples. Al¬ 
though the micronutrients appear by these analyses to be relatively low, their 
* 
numbers quickly become greater as large manure applications are made. 
When applied to soils, manures also contribute large amounts of organic 
matter to the system (3, 8, 15,34). This additional organic matter greatly in¬ 
creases microbial populations and the water holding capacity of the soil, which 
in turn aid in the releasing of the organically bound nutrients (3, 8). 
Calcium and magnesium are also found in appreciable amounts in cattle 
manures, frequently at levels up to .74% and .34%, respectively, on a dry 
weight basis (34). 
Nitrogen is the most important nutrient found in cattle manure from an 
agricultural standpoint. In fresh manure the average nitrogen content will 
usually range from between .5-.6% (8, 18, 32). When manure is added to soils 
in large quantities, the amounts of nitrogen available for crops can be sub¬ 
stantial, even in relation to present-day fertilization rates. Many studies 
(19, 24, 63) have shown that the nitrogen in manure is just as effective as 
inorganic forms in many cases, and in addition can have long-term beneficial 
effects on crops due to the many other constituents which it contains. 
In an effort to benefit from this fertilization value of manure, it must be 
handled in accordance with established conservation practices. If not, initial 
losses in nutrient value can be incurred due to the leaching of exposed manure 
piles. 
The major portion of the conservation effort, however, concerns the volatil 
nature of the nitrogenous compounds in the manure. Under aerobic conditions 
mineralization proceeds, a process by which the organically linked nitrogen in 
the manure reacts with water to form ammonium carbonate, which is unstable. 
The formation of ammonia gas can then proceed resulting in nitrogen losses to 
the air. Danish stations (32) have reported that up to 50% of the total ammon¬ 
ium-nitrogen may be lost from farm manure spread on the land during drying 
weather. Russell and Richards (52) and Voelcker and Hall (61) have also 
demonstrated in laboratory studies that during the drying and decomposition 
of cattle manure, up to 30% of the nitrogen can be lost as ammonia gas. So 
this is a very serious problem in relation to maintaining the nitrogen status of 
manures. 
If conditions are favorable, nitrification in manured soils will follow 
mineralization resulting in large quantities of nitrates being formed and avail¬ 
able for loss through leaching (3, 10, 15). This does in fact occur in highly 
manured soils as illustrated by Blackmer et al. (10). In their studies, nitrate- 
nitrogen levels of up to 70 ppm were reported at a depth of 90cm in highly 
manured soils. So the process of nitrification can also lead to nitrogen losses 
in manured soils. 
5 
If, on the other hand, manure is maintained under anaerobic conditions prior 
to incorporation into the soil, very little free ammonia is formed and lost since 
the ammonia is held in solution as acid salts (15). If this is done, the nitrogen 
content of the manure can be maintained at up to 95 to 98% of its original value 
(15,32). The resulting manure is then much more valuable in relation to supply¬ 
ing nitrogen to the soil to support plant growth. 
Animal Waste Management 
The large manure disposal problem in the United States exists mainly because 
the manure produced is of relatively low value in relation to present chemical 
fertilizers. This, coupled with the projected increase in livestock in the coming 
years due to increasing food demands will lead to greater problems in the handling, 
treatment, and disposal of manures (25, 29, 42). 
Loehr (42) feels that what is necessary in dealing with the manure disposal 
problem is a change in attitude of farmers and the general public from looking 
at farm manures as "natural and uncontrollable" materials, to one of treating 
the manures as you would wastes of any other industry. This must be accom¬ 
plished since pollution caused by animal wastes can be just as damaging to the 
environment as wastes from other industries (9,37/43/44)- Although agriculture 
is not the major contributor to environmental pollution in most areas, its disposal 
of wastes through soils and streams must be looked at in the long run as resulting 
in some public and private costs (41). 
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In dealing with the waste problem, one must be careful not to insist on either 
zero pollution or on completely unrestricted manure disposal, but rather for a 
system or group of systems that minimize pollution without causing the beef and 
dairy industries to collapse. Adams (1) points out that if you protect the environ¬ 
ment at all costs without considering the benefits versus costs, the public will end 
up paying for the benefits in much higher food costs and in higher taxes for the re¬ 
search and development for the needed equipment. He also feels that there is no 
doubt that changes must be made in the handling of wastes, but "... we need 
assurance that required adjustments will be reasonable and can be achieved on a 
practical basis without causing producers undue harassment or economic hardship." 
When dealing with the problem of waste management, each individual farm 
operator must be aware of the federal and state regulations regarding his potential 
pollution situation. Water pollution control boards as weil as air conservation 
commissions frequently dictate the ways in which wastes can be handled on farms. 
The private sector can also have an effect on regulating the handling of 
wastes on farms by instituting lawsuits through the so-called "nuisance laws" 
(41). This often results in significant problems for farmers who find themselves 
with large quantities of manures to dispose of in previously remote areas, which 
are now being developed for residential living. 
The solution to the disposal problem lies in finding an inexpensive and 
efficient way of recylcing the nutrients in manures back into the environment 
from which they came. This, at the present time, has not been accomplished 
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to the desired extent. Used in place of the perfect solution are many types of 
disposal systems which in some way either physically, chemical ly, or biological ly 
treat manures prior to disposal or recycling. The most common method of manure 
disposal, however, remains direct land application. Some studies relating to land 
applications of high rates of manure will now be examined. 
Crop Growth as Affected by Manure Applications 
The application of manure to the land appears to be the most favorable means 
% 
of handling the material from the standpoints of conserving its nutrients and min¬ 
imizing environmental problems. Klausner et al. (39) point out that "When 
properly handled, manure has a distinct value both as a nutrient source of plant 
nutrients and readily available organic matter." Manure has also been found to 
improve soil aggregation, its physical condition, and its water infiltration rate 
(39,59). 
Adams (l) predicts that "If the dairyman knows what he can apply to the land 
without running the risk of contaminating the ground water supplies in the future.. . 
Then he is in a better position to determine how much land will be required to 
absorb the volume of animal wastes he can expect his operation will generate..." 
When this is done, accurate land planning as to disposal needs will be possible. 
Some studies have sought to establish relationships between high manure 
applications and crop growth. Tiarks et al. (59) found that the yield of ccrn 
increased from 14.8 to 19.4 tons/ha in response to a manure application of 
360 tons/ha on a dry weight basis. McIntosh and Varney (44) in com yield 
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trials found that manure applications of 66 tons/ha on a dry weight basis resulted 
# 
in increases in corn stover yields of 2.4 tons/ha over control plots during dry 
years. But during wet years in the same experiment, no beneficial effects were 
realized from the manure treatments. They also found significant increases in 
the potassium content of the ear leaves from 3.09 to 5.02% in the manured plots 
as compared with the control, while no significant changes were found in the 
nitrogen and phosphorus contents of these same ear leaves. Calcium and mag¬ 
nesium, however, were found to decrease significantly in the ear leaves of the 
plants from the highly manured plots. 
High manure studies were also conducted by Weeks et al. (63)/ with annual 
manure treatments to cultivated corn ranging up to 400 tonv^a on a fresh weight 
basis. They reported after two years of the applications that the "Growth on all 
of the corn plots was good with no toxic symptoms showing up in either year or 
any treatment." 
Murphy et al. (48) clso conducted high manure experiments with rates of 
application to soils planted to com as high as 720 tons/ha on a dry weight basis. 
His results showed poor germination and slow growing seedlings in the highest 
treatment. The highest corn yields were found in the plot treated with 225 tons/ha, 
as the higher rates reduced yields. They postulated that the decreased yields were 
due to the accumulations of soluble salts, large amounts of potassium and sodium in 
the soils, and high ammonium levels. 
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It was mentioned earlier in this review that manure contains moderate amounts 
of micronutrients which are added to the soil system as manure is applied to the 
land. Murphy et al. (48) has found that manure is of value in relation to its 
micronutrient content, and when applied to cropped land in the plains states 
at rates of 20 tons/ha it is an "... excellent measure for overcoming micro¬ 
nutrient deficiencies which frequently appear when land is shaped for irrigation 
purposes. Iron and zinc deficiencies are particularly well countered..." 
Miller et al. (45) has also found this to be true in relation to poultry manure, 
as he reported that the zinc and iron status of forage crops was improved by 
manure treatments. It is believed that when manures are added to the land 
their organic fraction helps in rendering micronutrients move available. More 
research is needed, however, to determine the extent to which manures could 
benefit crops with micronutrient problems. 
Pollution Problems Resulting from Land Applications of Manures 
Land application of manure has been practiced for centuries as a means of 
utilizing the nutrients in manures to improve plant growth. However, economic 
trends in recent years have resulted in the concentration of large farms on smaller 
land areas, thus forcing increased application rates of manure to cropped soils 
(9, 26, 40, 50, 59). Because of this, much concern has arisen as to the fate of 
the nutrients in manure, especially nitrogen and phosphorus. Relatively little 
research has been conducted with heavy application rates of manure as previously 
reported, especially in relation to their effects on soil fertility and the ground 
water. 
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Many researchers express the concern that nitrate pollution may result from 
high manure applications (40). Keller and Smith (37) point out that "Ground 
water containing nitrate-nitrogen in toxic concentrations, occasionally high 
enough to be lethal to human beings and livestock... have been observed in 
Kansas, Minnesota, Wisconsin, Iowa, Illinois, Michigan, Montana, Pennsyl¬ 
vania, and Mississippi." They go on to state that some of the main sources of 
contamination are nitrogenous waste materials at sites of animal habitation. 
Oglesby (49) expresses a similar point of view as he states that agricultural 
wastes are translocated to aquatic systems where some of them cause significant 
problems, and that "Nitrogen, applied as fertilizer or from manures, leaks from 
agricultural activities in quantities sufficient to promote nuisance algal growths 
in receiving waters where this element is a limiting factor." Gilliam and 
Webber (27) also feel that danger exists in relation to nitrates leaching into 
the ground water especially in local situations as they fear that "Nitrate con¬ 
tamination by barnyard wastes is potentially serious since many rural supplies 
(water) are from shallow wells located near the barnyard." 
The amounts of nitrates lost from fields and barnyards appear to be dependent 
on soil type, land use, and application rates (10, 13, 20, 53, 54). Stewart etal. 
(54) found in Colorado at a three foot depth under intensive farming operations 
that the nitrate-nitrogen concentration of the soil increased from 11 ppm in culti¬ 
vated dryland, to 65 ppm under irrigated fields, and 70 ppm under the corral. But 
since the irrigated field was much larger than the corral, they concluded that the 
irrigated land contributed more nitrates to the ground water than the corral did. 
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Cross et al. (20) found that by applying 260 tons/ha of manure (dry weight) 
to land planted to sorghum on a .2% slope that the runoff water only had 7.8ppm 
nitrate-nitrogen. They also found that underground water samples from the field 
peaked at 9.4ppm and then decreased to 3.2ppm nitrate-nitrogen. Chang et al. 
(16) reported that after 15 years of an earth corral study in California that the 
soils under the heaviest waste accumulations were the lowest in nitrates. Adriano 
et al. (2) also reported similar results when he found that nitrate-nitrogen levels 
under cropland and pastures were higher than under a nearby corral. And Sommer- 
feldt et al. (53) determined in a study of feedlots that only "limited" amounts of 
nitrate-nitrogen entered the ground water. From these studies it appears that as 
manures are added to soils in increased amounts, a relatively lower portion of 
their nitrogen is being leached into the profile. This is contrary to the popularly 
held belief that as you apply higher rates of manures to soils you proportionally 
increase the pollution hazard. These and others feel, however, that as you in¬ 
crease the amounts of manures added to soils, nitrification is partially inhibited 
while denitrification is stimulated. These circumstances apparently result in 
lower amounts of nitrates being leached from highly manured soils. 
Blackmer et al. (10)havefound from incubation studies that the history of 
manuring and the amounts of manure added have positive effects on the denitrif¬ 
ication potential of the soil. From their studies it was concluded that the de¬ 
nitrification capacity of a soil increased with the soils history of increased 
manure applications. They also found that the application of manure to the 
soil increased the rate of denitrification and the total amounts of nitrogen de- 
12 
nitrified, and that the presence of nitrate due to heavy manuring increased de¬ 
nitrification. Similar results were reported by Kimble et al. (38) whose labor¬ 
atory incubation studies with soil profiles showed greater denitrification potentials 
in manure treated soils. They also concluded that "...denitrification caused a 
significant portion of the nitrate-nitrogen loss that took place in the surface 
horizon from fall to spring" in field plots. 
What appears to cause the increase in denitrification in manured soils are the 
changes in the physical properties of the soils which the manure causes (10, 13, 
23,38). The soils organic matter content, temperature, water content, and mi¬ 
crobial populations are all increased by manure applications and result in con¬ 
ditions more favorable for denitrification. Even the limiting factor of acidity is 
affected by manure applications, as the additional organic matter permits de¬ 
nitrification to proceed at a pH as low as 4.7 (23). All of these changes, then, 
create soil conditions more favorable for denitrification which result in lower 
levels of nitrate-nitrogen present in the soils. 
% 
Phosphorus is also found in dairy manures in moderate quantities, and is one 
of the principle nutrients controlling the fertility of natural waters. Algal growth 
is severely limited by phosphorus concentrations of less than .01 ppm, but an in¬ 
crease of up to .05ppm will result in profuse growth (56). Therefore, its mainten¬ 
ance in waters at low concentrations is very important. 
The reactions of phosphorus with the soil result in relatively little concern 
from the standpoint of the leaching of phosphorus through the profile and into the 
ground waters (11, 15, 56). A study in Connecticut {56) showed that after 11 years 
13 
of applying 44 Ibs/A of phosphorus to a soil that 95 to 97% of it was still in the 
top six inches of soil. A study by Sommerfeldt et al. (53) also concluded that 
no available phosphorus from feedlot manure reached the ground water by 
leaching of the exposed manure. And a lysimeter study by Horzempa et al. (36) 
revealed "... low ground water phosphate concentrations and no evidence of 
leaching at three field sites receiving moderate to heavy (400 tons/ha) surface 
applications of manure and fertilizer." 
The continued application of phosphorus to soils in the form of manure in 
high application rates, however, could possibly lead to problems as the phos¬ 
phorus levels in the soils continued to build up over time and eventually begin 
to move through the profile. Other situations leading to the addition of phos¬ 
phorus to natural waters could occur in sandy soils or by the runoff of soil 
particles containing adsorbed phosphorus. However, with proper management, 
it appears that the phosphorus in manures can be kept in the soil system and 
available for plant use. 
Summary 
The scope of this literature review points out the enormity of the problem 
encountered when trying to examine all factors relating to the addition of high 
rates of manure to cropped soils. However, relatively little research, as pre¬ 
viously cited, has been directed entirely towards determining the effects of high 
rates of manure on the soil, plant watershed system. Because of this the follow¬ 
ing research was conducted in an attempt to focus on these changes. This knowl- 
14 
edge is needed in order to establish the amounts of dairy manures that can be 
applied to cropped soils to promote good plant growth while at the same time 
recycling the nutrients in the manure back into the soil system without losing 
these nutrients to surface or ground waters. This is becoming increasingly im¬ 
portant in many situations where large amounts of dairy manures must be applied 
to relatively small land areas. 
15 
EXPERIMENT I 
MANURE STUDY 
Materials and Methods 
This experiment was designed to study the composition of dairy manure and 
to measure the losses of nitrogen from the manure due to ammonia volatilization 
over an 18-21 day period of drying. This was accomplished by monitoring the 
total nitrogen level and moisture content of a fresh dairy manure sample by 
periodic samplings and analyses. 
The total procedure was carried out three times, each time with a different 
dairy manure sample. The first and third bushel samples were taken from the 
University of Massachusetts farm in South Deerfield, and the second from John 
Devine Jr.'s farm in Hadley. A fourth sample, for nutrient analysis only, was 
obtained from Walter Melnick's farm in Deerfield. 
From the bulk sample collected, a five pound portion of the fresh manure was 
put into an evaporating dish which was then placed on a scale. At definite 
sampling dates during the following 18-21 day period, a record of the total 
weight of the dish and manure was kept, and samples of approximately 30 grams 
were removed for moisture content determination and chemical analysis. The 
samples were weighed, dried at 70°C for 24 hours, and then weighed again. 
They were then cooled, hand ground, and dry ashed according to methods pro- 
16 
posed by Greweling (28). The resulting solution was then aspirated into a Perkin- 
Elmer model 214 atomic absorption spectrophotometer, from which 03, Mg, K, 
Zn, Cu, Mn, Fe, and Na were determined. Phosphorus analyses were also pre¬ 
formed on the digest in accordance with a standard spectrophotometric procedure 
described by Greweling (28). 
On the same sampling dates, four 5 gram samples were also taken from the 
manure in the evaporating dish. These were immediately put into 650ml Kjeldahl 
flasks and treated with 30 ml of concentrated sulfuric acid. They were then de¬ 
livered to the West Experiment Station where they were analyzed for total KjeIdahI 
nitrogen (46). 
During the experiment, the manure in the evaporating dish was stirred fre¬ 
quently in an effort to maintain aerobic conditions throughout the manure and to 
promote even drying of the sample. 
17 
EXPERIMENT I 
RESULTS AND DISCUSSION 
Nitrogen Losses 
The nitrogen status of manure, which varies due to the volatile nature of its 
compounds, v/as of primary interest in this study. When manure is subject to an 
aerobic environment, its organic nitrogenous compounds are subject to mineral¬ 
ization, by which ammonium carbonate is formed. Then, as this unstable com¬ 
pound breaks down, the ammonia is subject to direct loss by volatilization. 
The procedure used in this experiment attempted to measure this loss under 
v/inter air conditions by monitoring the total nitrogen level of the manure placed 
in the ceramic evaporating dish maintained under a shed roof. Because the dish 
hod a solid bottom and sides, all nitrogen losses could be attributed to ammonia 
volatilization. 
To promote even drying of the manure in the evaporating dish, it v/as stirred 
frequently and did in fact dry at a farily even rate (Figure 1). This suggests that 
the nitrogenous compounds in the manure v/ere exposed to the atmosphere fairly 
evenly, and thus subject to mineralization. 
Since the total weight of the manure declined rapidly due to the evaporation 
of water, the percent nitrogen of the wet sample increased with time as v/ater loss 
was greater than nitrogen loss (Figure 2 )♦ However, by back calculating the actual 
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20 
amount of nitrogen at each sampling date in relation to the original weight of the 
sample, it was found that the total nitrogen decreased over the experimental 
period (Figure 3). These losses in nitrogen can be attributed to ammonia lost 
directly by volatilization. 
The John Devine Jr. sample and the University of Massachusetts (U.Mass. No.l) 
sample were found to have lost 12 and 14%, respectively, of their total nitrogen as 
ammonia gas. The U.Mass. No. 2 sample, however, was found to have lost only 
8% of its total nitrogen as ammonia during the experimental period. 
These three experiments were carried out in an unheated storage building 
during the months of January and February of 1974. The temperature during these 
months ranged from -26°C to 17°C with mean monthly temperatures of -2.8°C 
and -4.1°C, respectively. This factor appears to account for the relatively low 
losses of ammonia from the manures. The mineralization process most probably 
was partially inhibited by the cold temperatures, and as a result relatively high 
nitrogen levels were maintained in the manure. Many researchers, including 
% 
Russell et al. (52) and Voelcker and Hall (61) have found that up to 30% of the 
total nitrogen in dairy manure is subject to loss by ammonia volatilization during 
relatively warm, drying weather. However, the cold weather in this case appears 
to have slowed the mineralization process and thus enabled the manure to retain 
the major portion of its nitrogen. 
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The Nutrient Content of Dairy Manure 
Variation in the composition of dairy cattle manure, which is influenced by 
the breed of cattle, their age, what they are fed, and the sampling procedures 
used was very evident in the results. The macronutrient, as well as micronutrient 
analyses of the manures sampled yielded results over a wide range. However, 
upon examination of these values, recommendations concerning the usefulness of 
dairy manure can be made. 
Macronutrient concentrations in the manures varied considerably when com¬ 
pared on a fresh weight basis (Table 1). Calcium was found to be present at be¬ 
tween 1 .2-3.4 Ibs/ton, while magnesium ranged from a low of 1 .5 to a high of 
2.5 Ibs/ton. Phosphorus was found to range from 1 .79-2.27 Ibs/ton, while po¬ 
tassium was contained in the samples from 5.35-10.0 Ibs/ton. These amounts of 
Ca, Mg, K, and P were generally consistent in the analyses and their averages 
and ranges reflect traditional manure analyses previously cited. Values on a dry 
weight basis are presented in Table 2, which also show the same trends. 
The four manure samples analyzed contained similar levels of micronutrients 
(Table 3)* Zinc ranged from 120.8 ppm to 253.0 ppm, while values for copper 
fell between 20.0 and 41.2 ppm on a dry weight basis. Manganese was found in 
slightly greater quantities of from 72.5 to 122.9 ppm on a dry weight basis, while 
iron and sodium v/ere present in much higher concentrations and were also more 
variable. On a dry weight basis, iron reached a high of 2035 ppm and a low of 
962 ppm, while sodium ranged from 4562 to as high as 11 ,625 ppm in the manure 
samples. 
23 
Table 1 - Primary and secondary nutrient content of dairy farm manures. 
Farm Sampled Moisture Content N P K Ca Mg 
% /O 1 wy 1 U il II Uwl I W L 1 y 111 
U.Mass. No.l 82.4 9.2 1.79 5.35 1.2 1.7 
U.Mass. No.2 84.4 10.2 1.93 6.15 1.4 2.3 
John Devine, Jr. 82.5 8.8 2.27 6.05 1.3 1.5 
Walter Melnick 81.6 13.0 2.20 10.90 3.4 2.5 
24 
Table 2 - Macronutrient content of dairy farm manures. 
Farm Range -Macronutrients- 
Sampled (High, Low,Avg.) Ca Mg K P 
lbs/ton dry weight 
U.Mass. No. 1 H 
L 
Avg. 
7.5 
6.3 
6.9 
10.0 
9.7 
9.9 
32.2 
28.6 
30.4 
11.6 
8.6 
10.2 
U.Mass. No.2 H 9.3 15.0 . 40.0 12.8 
L 8.3 14.3 38.4 11 .6 
Avg. 8.9 14.7 39.4 12.4 
John Devine, Jr. H 8.1 8.9 35.6 13.8 
L 7.3 8.5 32.0 12.4 
Avg. 7.7 8.7 34.6 13.0 
Walter Melnick H 18.6 14.1 60.8 12.4 
L 18.4 13.1 59.2 11.6 
Avg. 18.5 13.5 59.6 12.0 
25 
Table 3 - Micronutrient content of dairy farm manures. 
i ui iii i\ui ly^ 
Sampled (High, Low,Avg.) Zinc Copper Manganese Iron 
\ 
Wvj i y 1 1 
U. Mass. No. 1 H 247.5 30.0 76.2 2035 
L 120.8 20.0 76.2 1870 
Avg. 184.1 27.4 76.2 1952 
U.Mass. No.2 H 148.5 41.2 76.2 1953 
L 132.0 25.0 72.5 1732 
Avg. 140.9 30.6 73.9 1843 
John Devine, Jr. H 253.0 23.3 80.0 1375 
L 137.5 22.8 75.6 1238 
Avg. 206.7 22.9 76.9 1320 
Walter Melnick H 126.5 37.5 122.9 1128 
L 121.0 31 .8 116.2 962 
Avg. 123.8 34.2 119.7 1059 
26 
The quantities of micronutrients added to soils as dairy manures are substantial 
when moderate to large manure applications are made. It appears that these micro- 
nutrients could be put to use in agricultural areas that have experienced micor- 
nutrient deficiencies in crops. Florida, Indiana, Michigan, Ohio and California 
have all had problems with either Zn, Cu, Fe or Mn deficiencies in their crops, 
and have applied hundreds of tons of these micronutrients as inorganic fertilizers 
to their crops and soils to correct the problem (45). A partial solution to these 
increasing expenditures appears to be in the micronutrients found in cattle manures. 
As manures are added to soils, their micronutrients are also incorporated into the 
soil system. Questions concerning the forms of these elements and their subsequent 
availability still remain. However, they are present and could seemingly contribute 
to the soils micronutrient pool. How well corn crops are able to utilize micronu¬ 
trients applied as manure will be examined later in Experiments II and III. 
27 
EXPERIMENT I 
CONCLUSIONS 
From the data presented, conclusions regarding the nutrient content and 
usefulness of dairy manure can be made. 
1) Dairy manure samples from the Amherst area contained relatively con¬ 
sistent amounts of nitrogen, phosphorus, and potassium which generally re¬ 
flected traditional manure analyses found in the literature. 
2) When added in moderate to heavy amounts, dairy manure can contribute 
significant amounts of nitrogen, phosphorus, potassium, calcium and magnesium 
to the soil. 
3) Zinc, iron and manganese were also found in the manures in relatively 
large amounts which could contribute to the soils micronutrient pool. 
4) Losses of ammonia-nitrogen through volatilization were demonstrated to 
% 
occur in dairy manure under drying conditions. However, the losses realized 
were considerably less than the majority of the values found in the literature, 
presumably due to the cold temperatures encountered during the experimental 
period. 
28 
EXPERIMENT II 
FIELD STUDIES 
Materials and Methods 
Reid plots planted to corn v/ere studied to determine the effects of high, 
cattle manure applications on the fertility of the soil and on plant nutrition 
and growth. This v/as accomplished by monitoring the nutrient status of the 
plot soils and corn plants by annual samplings of each. 
Plots measuring 0.0186 hectare v/ere established in 1970 on a moderately 
well drained Ninigrit fine sandy loam that may have been disturbed in some 
areas reportedly v/ith a small application of fill. Data are presented through¬ 
out this thesis for four plots which represent an unmanured control plot (Plot U), 
a soil receiving a low application of manure (Plot 2), a soil receivinga medium 
application (Plot 3), and a heavily manured soil (Plot 4). Manure v/as applied 
to these plots in amounts presented in Table 4 from 1970-1973, after v/hich no 
additional applications v/ere made. 
Dairy manure from a closed storage area v/as spread on the plots in early 
spring. Analyses of several of the samples yielded an average dry matter con¬ 
tent of approximately 18-19% and a total nitrogen content of about 0.5%MO). 
These analyses, and others presented earlier in Experiment I, v/ere used to approx 
imate the total amounts of nutrients added to the soils as manure. 
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The plots were planted to corn, and other than the manure treatments, were 
managed in accordance with normal corn production practices. 
Annually since 1971, the plots have been sampled at four depths, 0-15 cm, 
15-45 cm, 45-76 cm, and 76-107 cm with a two-inch auger. From each plot, 
a composite sample was made from 8-10 borings per depth, and mixed thoroughly. 
The samples were air-dried and then extracted for their exchangeable cations with 
neutral, 1 normal NH^OAc as described by Chapman (17). The resulting solutions 
were then diluted as necessary and aspirated into a Perkin-Elmer model 214 atomic 
absorption spectrophotometer to determine Ca, Mg, end K concentrations. Cation 
exchange capacity was also determined by methods proposed by Chapman (17). 
Organic matter was determined on the samples by using the Wakley-Black 
method as described by Allison (4). Acid soluble and "adsorbed" phosphorus was 
determined by a method described by Bray and Kurtz (12) which employed a 40- 
second shaking period with an extraction solution composed of 0.03 N NH^F 
and 0.1 N HCl prior to filtration. A Zeiss PMQ II spectrophotometer was used 
for final determinations following color development. 
pH was measured in a 2:1 mixture of 0.01 M CaCl 2 to soil with a Fisher 
model 301 digital pH meter. 
After every growing season, the corn crops were harvested and their yields 
recorded. When the corn crop was harvested in 1974, the material was divided 
into stover and grain. Samples of each were taken from each plot into the lab¬ 
oratory, where they were dried and later ground in a Wiley mill. They were 
then digested with HNO3 and H2O2 in accordance with methods described by 
31 
Dunphy (22). The resulting solutions were then diluted and aspirated into a 
Perkin-Elmer model 214 atomic absorption spectrophotometer to determine Ca, 
Mg, K, Zn, Fe, and Mn. Phosphorus was determined from the same solution 
by means of a colorimetric method with molybdovanadophosphoric acid as de¬ 
scribed by Greweling (28). Results were read with a Zeiss model PMQ II spec¬ 
trophotometer. 
Total nitrogen determinations on individual grain and stoversamples were 
made by using a modified Kjeldahl steam distillation procedure as described by 
Stubblefield et al. (55). 
Nitrate-nitrogen analyses on the same samples were made by extracting the 
plant material with distilled water and directly measuring the nitrate-nitrogen 
in the resulting solution by the use of an Orion Specific Ion Electrode and a 
Beckman model 1019 pH meter as described by Barker (6). Figures were con¬ 
structed and correlation coefficients determined with a Hewlett-Packard model 
HP-55 electronic calculator in accordance with standard statistical programs 
(35). 
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EXPERIMENT II 
RESULTS AND DISCUSSION 
/ 
Changes in the Nutrient Status of the Soils Due to Manure Applications 
. Organic Matter 
The amounts of organic matter in the manured plots showed increases at all 
depths sampled from 1970-1974, with the largest increases in the more highly 
manured soils (Table 5 ). During these years, the A layer of Plot 2 increased 
from 4.48-6.36%, as compared to an increase in the same layer of Plot 3 of 
from 4.76-7.43% and Plot 4 from 4.48-8.14%. Similar increases of lower 
magnitude were also found in the B layers as Plot 2 increased from 1.18-2.40%, 
Plot 3 from 1 .33-3.08% and Plot 4 from 1.34-2.88%. Consistent increases over 
the period were also observed in the C and D layers although of smaller amounts. 
Figure 4 illustrates the relationship between the increasing organic matter 
content of the A layers of the soils as a function of the total amounts of manure 
applied throughout the experimental period. The highly significant correlation 
coefficient of .99 reflects the direct effect of the manure applications on the 
organic matter content of this layer. The correlation between the manure appli¬ 
cations and the organic matter content of the B layers was not, however, significant. 
This situation is also reflected in the total amounts of organic matter in the top 
107 cm of the soils as they were found to increase more rapidly and to higher levels 
33 
Table 5 - Organic matter content of Amherst manure plot soils at 
four samplings. 
Soil Treatment Depth 
1970 
6/24 
1971 
6/18 
1972 
6/5 
1974 
7/15 
% dry weight 
Plot U 
Plot 2 
Plot 3 
A — — 3.57 3.73 
B — — 2.17 2.30 
C — — 0.84 0.66 
D — — 0.63 0.45 
A 4.48 5.25 5.40 6.36 
B 1.18 1.70 2.74 2.40 
C 0.02 0.29 0.84 0.88 
D 0.02 0.02 0.91 0.45 
A 4.76 5.68 7.13 7.43 
B 1 .33 1.48 3.43 3.08 
C 0.36 0.36 1.26 0.98 
D 0.02 0.36 0.70 0.45 
A 4.48 6.11 8.39 8.14 
B 1.34 1.54 4.34 2.88 
C 0.36 0.02 0.84 1.10 
D 0.02 0.02 0.84 0.74 
Plot 4 
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Table 6 - Total organic matter in 
at four 
top 107 cm 
samplings. 
i* of Amherst manure plots 
1970 1971 1972 1974 
Soil Treatment 
6/24 6/18 6/5 7/15 
j • 
1 U I l«y I IU 
Plot U — — 61.6 60.0 
Plot 2 39.3 53.2 80.9 79.2 
Plot 3 47.0 58.7 102.0 94.6 
Plot 4 44.8 52.3 115.1 99.8 
* 
Calculated as 2 X ppm of A + 4 X ppm of (B + C + D). 
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in the more highly manured soils. The absence of manure treatments in 1974, 
however, apparently led to the decreased levels of organic matter in 1974 in 
relation to 1972 primarily due to decreases of organic matter in the lower levels 
of the profile. The levels of total organic matter, however, remained higher in 
the more highly manured soils (Table 6). 
Cation Exchange Capacity 
The cation exchange capacities of the manured soils increased over the five- 
year period for nearly all depths sampled (Table 7 ). The rate of increase and 
actual increases over the time period also appear to have a positive relationship 
with the rates of manure applied. 
All of the manured plots showed substantial increases in C.E.C. over the 
five-year period in their A layers, as Plot 2 increased from 13.1-16.6, Plot 3 
from 14.2-20.0, and Plot 4 from 12.8-24.8 meq/lOOg. These increases plotted 
in Figure5 as a function of the total amounts of manure applied show a significant 
correlation coefficient of .99, thus establishing the relationship. 
The B layers of each plot also showed increases in C.E.C. over the five-year 
period, as Plot 2 increased from 6.0-7.7, Plot 3 from 2.4-9.5, and Plot 4 from 
5.8-11 .0 meq/lOOg. The increases here, as in the A layers are of greater mag¬ 
nitude in the more highly manured plots. They did not, however, show a signifi¬ 
cant correlation in respect to the amounts of manure applied as illustrated by 
Figure 5, thus indicating a lesser effect of the manure application on the C.E.C. 
of the lower levels of the profile. 
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Table 7 - Cation exchange capacity of Amherst manure plot soils at 
three samplings. 
Soil Treatment Depth 
Plot U A 
B 
C 
D 
Plot 2 A 
B 
C 
D 
Plot 3 A 
B 
C 
D 
A 
B 
C 
D 
1970 1972 1974 
6/24 6/5 7/15 
meq/l00 g 
— 10.8 13.9 
— 5.6 6.3 
— 3.1 2.5 
— 2.5 1.2 
13.1 14.0 16.6 
6.0 7.5 7.7 
1.6 2.8 2.6 
1.3 3.6 0.8 
14.2 18.3 20.0 
2.4 4.5 9.5 
1.6 3.6 2.4 
1.5 2.9 1.4 
12.8 18.6 24.8 
5.S 10.3 11.0 
1.8 4.0 5.7 
1.6 3.9 2.8 
Plot 4 
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From 1972 to 1974, the cation exchange capacities of the A and B layers of 
Plot U were also observed to increase. These increases, however, were of lower 
magnitude than those in the manured plots. This, coupled with the fact that the 
levels attained in Plot U were lower than those of the manured soils throughout 
the profile, indicates that the increases of C.E. C. in Plot U were a result of 
something other than a planned management practice. 
The data in Table 7 shows that the increased manure applications resulted 
in higher cation exchange capacities in all layers of the manured plots sampled. 
These increased C.E.C. also closely coincide with increases in the organic 
matter contents of the plot soils. This suggests that the increases in C.E.C. 
originated from the soils increased organic fraction due to the manure applica¬ 
tions. 
Figure 6 illustrates this relationship within the A layers of the plot soils 
which shows a significant correlation coefficient of .90. Also, the slope of 
the line was found to be 1 .65 which is very close to that of 1 .63 which would 
be the expected slope of a relation between organic matter and its C. E.C. as 
determined by Helling et a!. (33) and Ross et al. (51). The fact that the slopes 
are nearly equal, as well as the significant correlation coefficient of .90, in¬ 
dicates that the additional organic matter added to the soils as a result of the 
manure applications to the A layers was, in fact, the primary reason for the 
subsequent increases in C.E.C. 
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Exchangeable Calcium 
The amounts of exchangeable calcium at the four depths sampled showed 
general increases in all of the manured plots from 1970-1972 and then decreases 
through 1974 (Table 8 ). 
During the five-year period, the exchangeable calcium levels in the A layers 
increased from 5.53-7.00 in Plot 4, while they decreased from 8.06-7.40 in Plot 
3 and 7.44-6.76 meq/lOOg in Plot 2. The B layers of the plots all increased 
fairly equally over the same period. Also, from 1972-1974 the A layer of Plot U 
decreased from 5.59 to 4.78 as did its B layer from 2.52 to 2.16 meq/lOOg. 
Figure 7 illustrates the relationship between the exchangeable calcium in 
the A layers of the plots and the amounts of manure applied. The relation was 
found to be significant as the correlation coefficient was .93. The changes in 
exchangeable calcium in the B layers, however, were not found to be significantly 
correlated to the amounts of manure applied. 
Table 9 gives an indication of the exchangeable calcium status of the top 
107 cm of the plot soils. From 1970-1972, total exchangeable calcium increased 
in all of the manured plots. Then from 1972-1974, all plots decreased in their 
total amounts of exchangeable calcium. All leveIs of exchangeable calcium in 
the manured plot soils in 1974 were, however, well above the control. Plot U, 
and also well above their original 1970 values. This indicates that the four 
years of manure applications added enough calcium for the five years of plant 
growth and also resulted in a net increase of exchangeable calcium to the soils. 
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Table 8 - Exchangeable calcium in Amherst manure plot soils at 
four samplings. 
Soil Treatment Depth 
1970 
6/24 
1971 1972 
6/18 6/5 
1974 
7/15 
Plot U A 
B 
C 
D 
meq/100 g- 
5.59 4.78 
2.52 2.16 
1.13 0.68 
0.78 0.49 
Plot 2 A 
B 
C 
D 
7.44 
1.29 
0.49 
0.16 
8.95 
1 .66 
0.34 
0.24 
7.73 
3.48 
0.88 
0.89 
6.76 
2.52 
0.87 
0.47 
Plot 3 A 8.06 8.95 8.97 7.40 
B 1 .22 1 .22 3.82 2.58 
C 0.17 0.35 0.98 0.78 
D 0.21 0.55 0.75 0.64 
A 
B 
C 
D 
5.53 
1 .01 
0.27 
0.16 
6.70 
1.02 
0.28 
0.21 
7.30 
3.58 
0.62 
0.73 
7.00 
2.27 
0.97 
0.80 
Plot 4 
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Table 9 - Exchangeable calcium in top 107 cm* of Amherst manure plots at 
four samplings. 
Soil Treatment 
1970 
6/24 
1971 
6/18 
1972 
6/5 
1974 
7/15 
iii v ii? c i o n r i u 
Plot U — — 6.58 5.21 
Plot 2 5.16 6.02 8.30 6.59 
Plot 3 5.13 6.00 9.14 7.01 
Plot 4 3.83 4.42 7.81 6.87 
* 
Calculated as 2 X ppm of A + 4 X ppm of (B + C + D). 
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Exchangeable Magnesium 
The exchangeable magnesium levels in the manured soils generally increased 
at all depths over the experimental period, with the greatest increases in the 
more highly manured soils (Table 10). During this time, the levels of exchange¬ 
able magnesium in the A layers increased from 2.10-2.38 in Plot 2, 2.34-3.16 
in Plot 3, and 1 .84-3.52 in Plot 4, while they decreased from 1.46-1.44 meq/ 
lOOg in Plot U. There were also general increases in the B, C, and D layers of 
the manured soils over the period. 
Figure 8 shows that for the A and B layers of the soils there were significant 
correlations between the increases in exchangeable magnesium and the total 
amounts of manure added to the soils. This illustrates the direct effect of the 
manure applications on the levels of exchangeable magnesium in the soil. 
Table 11 indicates what was happening over the period in relation to the 
total amounts of exchangeable magnesium in the top 107 cm of soils. From 
1970-1972, all plots increased in exchangeable magnesium, with the highest 
% 
levels in the more highly manured plots. Then from 1972-1974, all levels 
dropped off at a fairly constant rate for all of the plots. However, at the 
last sampling in 1974 the levels in the soils were all well above their original 
values of 1970. This indicates that the four years of manure treatments supplied 
magnesium in sufficient amounts for five years of plant uptake as well as resulting 
in a net increase to the soils. 
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Table 10 - Exchangeable magnesium in Amherst manure plot soi Is at four samplings. 
Soil Treatment Depth 
1970 
6/24 
1971 
6/18 
1972 
6/5 
1974 
7/15 
. Plot U A — — 1.46 1.44 
B — — 0.62 0.56 
C — — 0.28 0.18 
D — — 0.22 0.14 
Plot 2 A 2.10 2.28 1.90 2.38 
B 0.52 0.70 1.26 0.82 
C 0.09 0.07 0.28 0.22 
D 0.07 0.06 0.32 0.12 
Plot 3 A 2.34 2.54 2.76 3.16 
B 0.56 0.64 1.48 0.98 
C 0.58 0.11 0.40 0.26 
D 0.46 0.16 0.24 0.20 
Plot 4 A 1.84 2.46 3.16 3.52 
B 0.54 0.40 1 .90 1.00 
C 0.14 0.08 0.34 0.38 
D 0.03 0.05 0.36 0.30 
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Table 11 - Total exchangeable magnesium In top 107 cm* of Amherst manure 
plots at four samplings. 
Soil Treatment 
1970 
6/24 
1971 
6/18 
1972 
6/5 
1974 
7/15 
- 
lll^ 1 1 1 V- 
Plot U — — 2.04 1.76 
Plot 2 1.90 2.18 3.10 2.60 
Plot 3 2.02 2.42 3.86 3.34 
Plot 4 1.80 1.94 4.62 3.80 
* 
Calculated as 2 X ppm of A + 4 X ppm of B + C + D. 
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Exchangeable Potassium 
Exchangeable potassium levels at all depths of the manured plots increased 
with time and reached their highest values in the plots receiving the highest 
manure applications (Table 12). 
From 1970-1974, the A layer of Plot 2 increased from 0.21-1 .04 meq/lOOg, 
as compared to an increase of from 0.43-1.51 in Plot 3 and from 0.68-1 .96 in 
Plot 4, while the same layer of Plot U decreased from 0.47 to 0.32. All of the 
B layers of the manured soils also increased in exchangeable potassium over the 
experimental period, while the same layer of Plot U remained constant. 
Figure 9 illustrates the correlation between the increases in exchangeable 
potassium in the A and B layers and the total amounts of manure applied. The 
correlation coefficients of .95 and .99 for the A and B layers, respectively, 
show the direct effects of the manure applications on the levels of exchangeable 
potassium in the soils. 
Table 13 shows the total amounts of exchangeable potassium in the top 107cm 
of the plot soils. These values revealed final levels and increases of potassium in 
relation to the amounts of manure applied through 1974, with the highest levels 
and largest increases in the more highly manured soils. 
Available Phosphorus 
The I evels of available phosphorus in the soils over the five-year period show 
a positive relationship with the amounts of manure applied (Table 14). Plot 2 
was found to increase in the A layer from 82-154 ppm, as compared to an in- 
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Table 12- Exchangeable potassium in Amherst manure plot soilsatfour samplings. 
Soil Treatment Depth 
1970 
6/24 
1971 
6/18 
1972 
6/5 
1974 
7/15 
_ Plot U A — — 0.47 0.32 
B — — 0.26 0.25 
C — — 0.10 0.11 
D — — 0.10 0.11 
Plot 2 A 0.21 0.53 0.73 1.04 
B 0.03 0.12 0.42 0.71 
C 0.01 0.03 0.10 0.40 
D • 0.01 0.02 0.12 0.21 
Plot 3 A 0.43 0.95 1.01 1 .51 
B 0.05 0.14 0.49 0.80 
C 0.10 0.04 0.22 0.38 
D 0.03 0.04 0.15 0.36 
A 
B 
C 
D 
0.68 
0.12 
0.03 
0.03 
2.15 
0.31 
0.04 
0.03 
1.67 
0.97 
0.28 
0.28 
1.96 
1.20 
0.55 
0.38 
Plot 4 
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Table 13 - Total exchangeable potassium in top 107 cm* of Amherst manure 
plots at four samplings. 
Soil Treatment 
1970 
6/24 
1971 
6/18 
1972 
6/5 
1974 
7/15 
1 1 1^ 1 1 1 ^ 1 
Plot U — — 0.99 1.12 
Plot 2 0.28 0.78 1.77 3.27 
Plot 3 0.68 1.23 2.43 4.08 
Plot 4 0.93 2.59 4.20 5.53 
* 
Calculated as 2 X ppm of A + 4 X ppm of (B + C + D). 
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crease of from 97-273 in Plot 3 and from 173-350 in Plot 4, while Plot U 
dropped from 208-118. The B layers of the manured plots also showed general 
increases as a result of the manure applications over the five-year period. The 
correlations between the available phosphorus levels in the A and B layers and 
the manure treatments were not, however, found to be significant as indicated 
by the low correlation coefficients seen in Figure 10. 
Over the experimental period, the top 107cm of Plots 2, 3, and 4 were 
found to increase in their total available phosphorus content while Plot U de¬ 
creased (Table 15). The final levels of available phosphorus in Plots 3 and 4 
were also found to be much higher than they were originally in 1970 while 
Plot 2 showed a more modest increase. This indicates that the past manure 
applications supplied sufficient amounts of phosphorus to the crops as well as 
resulting in a net increase of available phosphorus in the soils over the five- 
year period. 
PH 
The pH values of the soils decreased over time in the A layers of all of 
the plots, with the lowest values occurring in the more highly manured soils. 
The B, C, and D layers, however, remained relatively stable over the same 
period (Table 16). 
During the experimental period, the total amounts of exchangeable bases 
in the manured soils increased, as did the total amounts of organic matter, with 
the largest increases of both in the most highly manured plots. The additions of 
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Table 14 - Avai lable phosphorus in Amherst manure plot soils at three samplings. 
Soil Treatment Depth 
1970 
6/24 
1972 ' 1974 
6/5 7/15 
\ 
Plot U A 
B 
C 
D 
— 
ppm 
208 
108 
93 
no 
118 
69 
81 
77 
Plot 2 A 82 150 154 
B 41 106 81 
C 69 100 83 
D 67 95 82 
Plot 3 A 97 260 273 
B 43 113 106 
C 69 87 83 
D 71 112 90 
Plot 4 A 173 386 350 
B 67 154 100 
C 75 94 95 
D 82 120 90 
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Table 15 - Total available phosphorus in top 107 cm* of Amherst manure 
plots at three samplings. 
Soil Treatment 
1970 
6/24 
1972 1974 
6/5 7/15 
metric tons/ha 
Plot U — 1.88 1.29 
Plot 2 0.99 1.71 1.46 
Plot 3 1.05 2.01 1.89 
Plot 4 1 .41 2.54 2.09 
Calculated as 2 X ppm of A + 4 X ppm of (B + C + D). 
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v 
Table 16 - pH of Amherst manure plot soils at three samplings. 
Soil Treatment Depth 
1970 
6/24 
1972 
6/5 
1974 
7/15 
Plot U 
Plot 2 
Plot 3 
2:1 (.01 M CaCl2) 
A — 5.32 5.26 
B — 5.16 4.90 
C — 4.98 4.94 
D — 4.90 4.92 
A 5.61 5.36 5.29 
B 4.86 5.26 5.16 
C 4.94 5.01 5.01 
D 4.90 4.98 4.95 
A 5.65 5.40 5.20 
B 5.16 5.27 5.10 
C 4.93 4.98 4.93 
D 4.84 4.94 4.92 
A 5.27 5.20 5.06 
B 5.11 5.19 5.03 
C 4.95 5.03 5.02 
D 4.83 5.10 4.92 
Plot 4 
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these bases would tend to maintain the pH levels of the soils, while their in¬ 
creased organic content would favor decreases. 
In all of the manured plots during the growing season, mineralization pro¬ 
ceeded, resulting in the production of CC^ and ammonium in the soils, with 
the largest amounts in the more highly manured plots due to their larger organic 
content. This would tend to decrease the pH as well as enable more nitrification 
to occur in these soils, also resulting in lower pH values in them. As a result, 
the higher manured plots were lower in pH in the A layers due to the larger 
amounts of organic matter added to them which enabled more ammoification 
and nitrification to occur. These processes, however, had little effect on the 
pH values of the lower levels of the profiles. 
Yields of Manure Plots 
As shown in Table 17, except for the 1972 season when a wet spring foI lowed 
by a dry period restricted root development, yields on the corn plots were very 
good, averaging 15.4 tons/ha of silage and 7.8 tons/ha of grain per year on a 
dry weight basis from each manured plot. There were seasonal variations partly 
due to some changes in hybrids and other causes including continued trouble from 
birds pulling out young plants, primarily from the two higher manured plots. Re¬ 
plantings were made to maintain uniform stands but during 1972 the entire stand 
was comparatively low. 
Over the five-year period, the manured plots had essentially equal yields of 
silage and grain in each year. During this time, the highest manure applications 
neither increased nor had a deleterious effect on crop yields. In 1974, yields 
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were exceedingly good even though the plots received no additional manure that 
year as they averaged 15.2 tons/ha of silage and 8.1 tons/ha of grain on a dry 
weight basis. Plot U, however, had a very poor stand and growth which resulted 
in yields of dry weight of only 7.1 ton^ha of silage and 2.3 tons/ha of grain. 
The fact that the manured plots had relatively equal yields within each year 
over the experimental period appears to be due to the large amounts of available 
nutrients present in the soils due to the manure applications. In 1974, however, 
slight growth differences among the crops on the manured plots were visible during 
the mid to latter part of the growing season, along with the yellowing of some 
plants. This indicates that nutrient stress conditions, primarily in relation to nitro¬ 
gen are beginning to develop on the lower manured plots. These conditions did 
not, however, result in any significant yield differences among the manured plots. 
In the future, however, the ability of the past manure applications to build up and 
maintain sufficient levels of nutrients in the soils should be more readily observable 
in the yields obtained. 
The observable differences in the corn growth on the plots were reflected for 
the most part in the nutritional composition of their grain and stover (Tables 18, 19). 
Corn grown on Plot 4 generally had the highest percentages of nutrients followed 
by Plots 3 and 2. These differences,however, did not result in substantial yield 
differences among the plots. 
In many cases, the crop on Plot U had the highest levels of nutrients in its 
stover and grain in relation to the crops grown on the manured plots. These high 
levels, however, appear to be a reflection of the very limited growth of the crop 
on Plot U rather than an indication of soil conditions. 
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Table 18 - Macronutrient content of corn grain from Amherst manure 
plots harvested October 10, 1974. 
Soil Treatment N P K 03 Mg 
Plot U 1.04 0.21 0.34 0.00065 0.13 
Plot 2 1.38 0.24 0.29 0.00065 0.12 
Plot 3 1.42 0.24 0.31 0.00070 0.13 
Plot 4 1.59 0.17 0.31 0.00065 0.13 
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The Nutrient Content of the Corn Stover and Grain in 1974 
Nitrogen 
The nitrogen content of the corn stover harvested in 1974 was higher in the 
plants growing on the more highly manured soils (Table 19). The crop on Plot U 
was obviously suffering from poor nitrogen nutrition as its nitrogen content was 
only-39% of its dry weight. Plot 2, the lowest manured plot,reached a level of 
0.75% nitrogen in its stover, even though the plot did not receive manure during 
1974- The ability of the manured plots to provide nitrogen to the crops over time 
was even more evident in Plots 3 and 4 which had levels of 0.84% and 0.99% 
nitrogen, respectively, in their stovers. These values, plotted in Figure 11 
indicate a significant correlation to the total amounts of manure applied with 
a correlation coefficient of .99. This shows the direct effect of the manure 
applications on the nitrogen contents of the corn stovers. 
The percentages of nitrogen in the grain samples from the plants growing on 
the manured plots followed the same trends as did the nitrogen contents of their 
stover (Table 18). Plot U had the lowest percent nitrogen of its dry weight at 
1 .04%, followed by Plot 2 at 1 .38%, Plot 3 at 1 .42% and Plot 4 at 1 .59%. 
As was the case in the stover, the percent nitrogen in the grain samples showed 
a significant correlation to the total amounts of manure applied to the soils, with 
a correlation coefficient of .99. Also, the fact that the slopes of the two lines 
are equal indicates a situation of quantitative translocation of nitrogen from the 
stover to the grain in the plants. 
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The total amounts of nitrogen taken up by the crops also increased from Plot 
U to Plot 4 as a result of the manure applications (Table 20). The crop on Plot 
U only removed 43 kg/ha of nitrogen, as compared to 156 from Plot 2, 177 from 
Plot 3 and 206 from Plot 4. These figures partially reflect the slightly larger 
yields from the more highly manured plots, but primarily are the result of the 
increased uptake of nitrogen from the more highly manured plots due to the 
manure treatments. 
% 
Phosphorus 
The phosphorus content of the stover directly reflected the manure treatments 
as a significant correlation was established with a correlation coefficient of .96 
(Figure 12). Plot 2 had only 0.06% phosphorus on a dry weight basis, as com¬ 
pared to 0.10% in Plot 3 and 0.13% in Plot 4 (Table 19). The ability of the soil 
to supply phosphorus to the crops over the time period appears to be directly re¬ 
lated to the past manure applications. 
The percentages of phosphorus in the grain samples from the manured plots 
were not found to consistently increase with a history of increased manure appli¬ 
cations (Table 18). Plots 2 and 3 had equal percentages of phosphorus in their 
grain at 0.24% while Plot 4 was lower at 0.17%. The decrease in Plot 4 over 
Plots 2 and 3 appears to be caused by the larger amounts of grain produced by 
the crop on Plot 4 which resulted in proportionally lower amounts of phosphorus 
being translocated to its grain. 
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Table 20-Total nutrients removedbycorn crop from Amherst manure plots in 1974. 
Soil Treatment N P K Ca Mg Mn Fe Zn 
. * 
- 
Plot U 43 15 70 10 13 0.14 3.7 0.13 
Plot 2 156 24 180 17 21 0.15 3.4 0.14 
Plot 3 177 28 230 15 21 0.17 3.2 0.14 
Plot 4 206 25 241 15 24 0.21 2.8 0.24 
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The total amounts of phosphorus taken up by the crops increased from 
15 kg/ha in Plot U to 24 from Plot 2 and 28 from Plot 3, and then decreased 
to 25 from Plot 4 (Table 20). In this case, the phosphorus which was applied 
as manure to the plots from 1970-1973 did in fact supply the crops with amounts 
of phosphorus greater than those of Plot U. Plot 4, however, had less phosphorus 
taken up than Plot 3, thus indicating that even though the additional manure pre¬ 
viously applied to Plot 4 did result in greater amounts of phosphorus in the soil, 
they were not readily taken up by the plants. In the future, however, as phos- 
- phorus levels decrease in all of the plots, it could become a limiting growth 
factor at which time its soil level will more closely affect uptake. 
Potassium, Calcium, and Magnesium 
The potassium concentrations of the stover samples increased with increased 
manure applications up to Plot 3 which was equal to Plot 4 (Table 19). Plot 2 
had the lowest potassium content in its stover at 2.2% of dry weight, followed 
by Plots 3 and 4 at 2.6%. 
The percentages of potassium in the grain samples increased from .29% 
in Plot 2 to .31% in Plots 3 and 4 (Table 18)* The relatively equal concen¬ 
trations of potassium in the stover and grain from all of the manured plots in¬ 
dicates that potassium was available in sufficient amounts for plant uptake and 
translocation in all of the manured soils. No significant correlations were found 
between potassium accumulation in the plants and total manure applications to 
the soils. 
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The calcium levels in the grain and stover samples were not substantially 
different among the plots (Tables 18 and 19). Plot 2 had 0.20%calcium of its dry 
weight, as compared to 0.18% in Plot 3 and 0.19% in the stover from Plot 4. 
All levels of calcium in the grain samples were low as they only reached 8 ppm. 
As in the case of potassium, calcium appears to be sufficiently available from 
all of the manured soils as no significant correlation between calcium uptake 
and the total amounts of manure applied was found. 
The magnesium contents of the stover from the manured plots were also 
similar upon analysis (Table 19). The stover from Plot 3 had 0.12%magnesium 
of its dry weight, as compared to Plots 2 and 4 with 0.16%. 
The percentages of magnesium in the grain samples from the manured plots 
were also relatively equal, as they ranged from 0.12-0.13% of dry weight. 
These figures of magnesium content in the grain and stover samples indicate 
that magnesium was present and available for plant uptake in sufficient amounts 
in all of the manured soils. As in the cases of calcium and potassium, no sig¬ 
nificant correlations between magnesium uptake and manure applications were 
found. 
The total amounts of calcium, magnesium, and potassium taken up by the 
crops generally increased with increased yields and higher levels of these 
nutrients in the soils (Table 20). The increases, however, were relatively 
small when compared to the total amounts removed, and appear to be related 
to the total crop yields, and not the levels of these nutrients in the soils. This 
seems to be the case since the levels of the nutriepts in the soil in 1974 are 
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higher than they were in 1970 in all of the manure plots, and are present in 
far greater quantities than could be utilized by a single corn crop. 
The accumulations of these nutrients in the soils due to the manure appli¬ 
cations did not result in increased accumulations of these elements in the plants, 
but rather created a surplus of nutrients in the soils from which future crops 
could draw from. It also appears that the large accumulations of potassium in 
the soils, especially in Plot 4, did neither interfere with nor stimulate the up¬ 
take and accumulation of calcium or magnesium as suggested might occur by 
Thomas et al. (57) and Beckenbach (7)/ as there were no significant correlations 
found between the total amounts of potassium in the soils and either calcium or 
magnesium uptake. 
Zinc, Iron, and Manganese 
The percentages of zinc and manganese in the stover samples of the plants 
growing on the manured plots generally increased with increased manure appli¬ 
cations (Table 19). Figure 12 indicates that the levels of these nutrients in the 
corn stover were significantly correlated with the total amounts of manures 
applied, with correlation coefficients of .91 and .95 for zinc and manganese, 
respectively. 
The percentages of iron in the plant stover samples, however, decreased 
from Plot U to Plot 4. This trend was also found to be significantly correlated 
with the total amounts of manure applied to the soils as indicated in Figure 12 
with a correlation coefficient of .97. It appears that even though more iron 
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was added to the soil system by the larger manure applications, its availability 
and/or uptake seemed to be inhibited by factors introduced within the manure 
itself, presumably the increases in organic matter. These factors, however, 
did not affect the uptake of zinc and manganese which were apparently more 
available and more readily taken up from the more highly manured soils. 
The total amounts of zinc and manganese removed by the crops increased 
from Plot U to Plot 4 (Table20). This indicates that these micronutrients do 
remain in available form in the soil system when added as manure in certain 
soils. Iron, however, was taken up in decreasing amounts from the more highly 
manured soils. This presents questions regarding the availability of iron in 
highly manured soils as in this case its availability was decreased as the result 
of high manure applications. 
Nutrient Budget 
A nutrient budget for the five-year experimental period was calculated and 
is presented in Table 21 . In the majority of cases, the increases of nutrients in 
the manured soils were of greater amounts than those actually added to the soils 
as manures. Inherent problems encountered when conducting high manure ex¬ 
periments, especially in relation to accurate high manure applications and 
representative soil samplings, most probably contributed to the errors. The 
budget does, however, give a fair accounting of the movements of the nutrients 
added as manure to the soils in relation to plant uptake and soil adsorption. 
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EXPERIMENT II 
SUMMARY AND CONCLUSIONS 
From the data previously presented, conclusions regarding the changes 
occurring in the soils and crops as a result of the high manure applications 
can be presented. 
1) The high manure applications to these plots did not result in either 
substantial increases or decreases in crop yields over the five-year period. 
Yields varied with environmental conditions between years, but in any one 
year, yields were very good and relatively equal among the manured plots. 
2) The high manure applications built up the levels of organic matter, 
available phosphorus, cation exchange capacity, and exchangeable calcium, 
magnesium, and potassium in the soils. The final levels of these parameters 
in the soils as well as their rates of increase in the A and B layers were found 
to be significantly correlated in most cases with the total amounts of manure 
applied to the soils. 
3) When manure was added annually from 1970-1973 and then discontinued 
through 1974 while the soils were planted to continuous corn, the levels of 
macronutrients in the soils, as well as their cation exchange capacities and 
total amounts of organic matter, were all higher in 1974 than they were in 1970. 
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The four years of manure application not only supplied the nutrients necessary 
for the five years of crop growth, but also resulted in a net gain of nutrients 
in the soil system. 
4) Since phosphorus, potassium, calcium, and magnesium were all present 
in significant amounts in the manured soils in 1974, nitrogen appeared to be 
the limiting growth factor. Although significant differences in yields from 
the manured plots were not realized in 1974, growth differences were observed 
during the growing season which indicated the beginnings of characteristic ni¬ 
trogen stress situations. In the future as the nitrogen status of the soils continues 
to decrease, the long-term benefits of high manure applications in relation to 
supplying nitrogen to crops will be more readily observable. 
5) The pH values of the surface layers of the soils dropped more rapidly in 
the more highly manured plots over the five-year period. This appears to be 
caused by the larger amounts of organic matter present in them, resulting in 
increased microbial transformations and subsequent acidic conditions. 
6) The total amounts of macronutrients removed by the corn crop in 1974 
increased as the soil levels of the nutrients increased due to a history of manuring. 
These increases, however, did not result in yield differences among the plots. 
7) The uptake of calcium and magnesium was not appreciably disrupted in 
the plants growing on the high manure plots in 1974, eventhough exchangeable 
potassium was present in substantial amounts in the soils. 
8) Zinc and manganese were taken up in larger amounts from the more highly 
manured soils in 1974. Iron, however, appeared to be less available for uptake 
from the soils receiving the high manure applications. 
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9) Over the five-year period, the manured soils experienced increases in 
their fertility in relation to the total amounts of manures applied. These in¬ 
creases led to relatively equal yields among the plots, thus indicating that the 
lowest manured plot had sufficient levels of nutrients and related factors to 
promote maximum plant growth as a result of its manure applications. However, 
if manure disposal was a problem, the rates applied to Plot 4 could be made for 
at least the four-year period in this case, since they did not create soil conditions 
in which plant nutrition or growth was adversely effected. If these high appli¬ 
cations continued, however, the levels of nutrients in the soils as well as their 
organic matter content and salt concentrations could lead to unfavorable con¬ 
ditions which could upset plant nutrient uptake and growth. 
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EXPERIMENT III 
FIELD STUDIES 
Materials and Methods 
Field plots planted to corn were studied to determine the effects of high 
dairy cattle manure applications on soil fertility, plant nutrition and growth, 
and leachate water quality. This was accomplished by the monitoring of the 
plot soils, plants, and leachate waters by periodic samplings. 
Duplicate plots measuring 0.0168 hectares were established in 1973 on 
an almost level Hadley very fine sandy loam soil, previously cropped for 
several years to timothy hay. Occasional applications of mixed fertilizers 
were made during this period. From 1973-1974, dairy manure was applied 
to the plots in amounts shown in Table 22. 
The plots were arranged in a randomized complete block experimental 
design, which included four manure treatments with two replicates of each. 
The unmanured plots, No. 4 and 7, are represented by Plot U, while the plots 
receiving a low application of manure, No. 3 and 5, are represented as Plot L. 
Plots 1 and 6 received a moderate application and are represented as Plot M, 
and the heavily manured plots, No. 2 and 8, are designated Plot H. Data 
are presented for the plots as an average of the replicates throughout this ex¬ 
periment. The plots were planted to corn and other than the manure applications 
were managed in accordance with established corn production practices. 
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In the fall of 1974, the plot soils were sampled at four depths, 0-15 cm, 
15-45 cm, 45-76 cm and 76-107 cm with a two-inch auger. From each plot 
a composite sample was made from 8-10 borings per plot and mixed thoroughly. 
The samples were air-dried and analyzed for calcium, magnesium, cation ex¬ 
change capacity, organic matter, and acid soluble and "adsorbed" phosphorus 
asin Experiment II. Total nitrogen was determined as described by Bremner(l4). 
On August 9, 1974, when the corn was in silk, ear leaf samples were taken 
from all plots. They were oven-dried at 70°C and ground in a Wiley mill using 
a 40 mesh screen. The material was then digested with HNO3 and H2O2 in 
accordance with methods described by Dunphy (22). The resulting solutions 
were then aspitated into a Perkin-Elmer model 214 atomic absorption spectro¬ 
photometer for determinations of Ca, Mg, K, Zn, Fe and Mn. Phosphorus was 
determined from the solutions by means of a standard colorimetric method de¬ 
scribed by Greweling (28), with final determinations made with a Zeiss PMQ II 
spectrophotometer. Total nitrogen determinations of the ear leaves were made 
using a modified Kjeldahl steam distillation process as proposed by Stubblefield 
et al. (55). Nitrate-nitrogen analyses were preformed on the samples with an 
Orion specific ion electrode in conjunction with a Beckman model 1019 pH meter 
as described by Barker (6). 
When the corn was harvested in 1973 and 1974, the yields were recorded. 
Samples of the stover and grain from the 1974 crop were collected and dried at 
70°C. Stover samples were ground in a Wiley mill using a 40 mesh screen, while 
grain samples were hand ground. They were then digested and analyzed for N, P, 
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K, Ca, Mg, Zn, Fe and Mn in accordance with procedures previously used 
for the ear leaf analyses. 
In April of 1974, suction lysimeters were buried to a depth of 80-90 cm 
in each plot. At 2-3 week intervals depending on weather conditions, water 
samples were removed from the lysimeters. They were then analyzed for Ca, 
Mg and K by aspiration into a Perkin-Elmer model 214 atomic absorption 
spectrophotometer. Nitrate-nitrogen was determined on the water samples 
directly with an Orion specific ion electrode in conjunction with a Beckman 
model 1019 pH meter. Orthophosphate concentrations were measured using 
ascorbic acid in a method described by Murphy and Riley (47). Specific con¬ 
ductance was measured on the samples with a Solu-Bridge model RD-15 specific 
conductance meter. The pH values of the waters were also recorded after being 
determined with a Fisher model 420 digital phj/ion meter. 
Temperature and rainfall data were used to estimate total evapotranspiration 
from the plots in the determinations of water surplus and deficiencies as described 
by Thornthwaite (58). These data were then used to estimate the total volumes 
of leachate waters passing through the plots, which, when coupied with the ly- 
simeter water analyses, enabled the total nutrient losses from the plots to be 
calculated. 
Data presented in this experiment were subject to analysis of variance with 
significant differences at the 5% level presented in accordance with Duncan's 
New Multiple Range Test (21). Figures were constructed and correlation co¬ 
efficients determined with a Hewlett-Packard HP-55 electronic calculator in 
accordance with standard statistical programs (35). 
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EXPERIMENT III 
RESULTS AND DISCUSSION 
Changes in Soil Fertility Due to Manure Applications 
Organic Matter 
The organic matter content of the soils was found to increase con¬ 
sistently in the A and B layers in response to the increasing manure applications 
(Table 23). The A layer of Plot H was found to be significantly higher than the 
same layer of the other plots, as was the A layer of Plot M in relation to the A 
layers of Plots L and U. The B and C layers of Plot H were also significantly 
higher in organic matter than the same layers of the other plots which also 
showed an increasing trend from Plot U to Plot M. 
A definite trend of increasing organic matter as a result of the manure appli¬ 
cations is also evident in relation to the total amounts present in the top 107cm 
of the soils (Table 24). Plot H was found to have significantly more organic 
matter than the other plots, which were not significantly different. All plots, 
however, showed increased organic contents as a result of the manure applications, 
with the highest levels in the more highly manured soils. 
Figure 13 indicates the relationship between the increases in organic matter 
content of the soils and the total manure applications. The significant correlation 
coefficients of .95 and .87 for the A and B layers, respectively, indicates the 
direct effect the manure applications had on the increased organic content of 
these two layers of the soils. 
Table 23 - Average organic matter content of South Deerfield manure plot 
soils sampled November 7, 1974. 
Soi 1 Treatment Depth O.M. 
— %dry weight — 
Plot U A 2.25c 
B 1 -18 d 
C 0.57 e 
D 0.49e 
Plot L A 2.60c 
B 1 .24d 
C 0.72e 
D 0.52 e 
Plot M A 3.09b 
B 1.46d 
C 0.67e 
D 0.48 e 
Plot H A 
6 
C 
4.64 a 
2.30c 
1.20d 
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Table 24 - Average total exchangeable cations, available phosphorus, and 
organic matter in top 107 cm* of South Deerfield manure plot soils 
sampled November 7, 1974. 
Soil Treatment Ca Mg K P O.M. 
- 
J 1 1 k* IUI 1J/ 
Plot U 3.3 5 a 0.25c 1.48 c 4.22a 148.3b 
Plot L 3.28a 0.45 be 2.14b 4.48 a 171.9b 
Plot M 4.04 a 0.71b 3.02b 4.31a 188.6b 
Plot H 4.32a 1.17a 4.88a 5.33 a 293.8a 
Calculated as 2 X ppm of A + 4 X ppm of (B + C + D). 
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Cation Exchange Capacity 
The cation exchange capacities of the plot soils showed general increases 
at all depths from Plot U to Plot H in response to the manure applications, with 
the largest values occurring in the more highly manured soils (Table 25). 
The means of the cation exchange capacities of the plot soils also showed 
steadily increasing levels from Plot U to Plot H. The mean of Plot H was found 
to be significantly higher than Plot U, but there were no significant differences 
among the manured soils themselves. There were, however, consistent increases 
in the means from the lower to the more highly manured plots as a result of the 
manure treatments. 
Figure 14 shows the relationship between the increases in C.E.C. in response 
to the manure treatments. The significant correlation coefficients of .97 and .90 
for the A and B layers, respectively, indicates a direct relation between the manures 
applied and the increasing C.E.C. values in these layers. 
These increases in C.E.C. also coincide with increases in the organic matter 
contents of the plot soils. Figure 15 indicates that there is, in fact, a significant 
relation between the increases in organic matter and increases in C.E.C. in the A 
and B layers with a correlation coefficient of .92. Also, the slope of 1.51 is very 
close to the expected slope of a relation between organic matter and its C.E.C. 
which Helling et al. (33) and Ross et al. (51) have found to be approximately 1 .63. 
These facts strongly suggest that the higher C.E.C. values of the manured soils, 
especially in the A and B layers, originated from the soils increased organic 
fraction due to the manure applications. 
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Table 25 - Average cation exchange capacities of South Deerfield manure 
plot soils sampled November 7, 1974. 
Soil Treatment 
-Depth - 
A B C D Mean 
Plot U 
- mec^/100g dry weight- 
8.1 4.9 3.1 2.4 4.6b 
Plot L 9.6 5.2 4.0 3.2 5.5ab 
Plot M 10.2 6.4 4.0 2.8 5.8ab 
Plot H 13.0 7.4 4.2 3.1 6.9a 
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Total Nitrogen 
The amounts of total nitrogen contained in the plot soils show increases from 
Plot U to Plot H as a result of the manure applications at nearly all depths sampled 
(Table 26). The A and B layers of Plot H were also found to be significantly higher 
in total nitrogen than the same layers of the other plots, as were the A layers of 
Plots M and L in relation to Plot U. These increases in total nitrogen, plotted in 
Figure 16, reveal a significant correlation between the increased manure applica¬ 
tions and their increased total nitrogen content for the A as well as the B layers, 
with correlation coefficients of .98 and .89, respectively. 
The total amounts of total nitrogen in the top 107cm of the soils were also 
shown to increase progressively from Plot U to Plot H (Table26). The levels in 
Plot H were found to be significantly higher than the other plots, as were the 
levels in Plot M in relation to Plot U. 
The increases in total nitrogen in the soils were also found to be very constant 
in relation to the total amounts of manures applied. The increase to Plot Lover 
the period was 680 kg/ha as a result of an application of 1000 kg/ha of nitrogen 
as manure, as compared to Plot M which increased in total nitrogen by 1475 kg/ha 
in response to an application of nitrogen as manure of 2000 kg/ha. Plot H also 
showed a similar trend as it was found to increase in total nitrogen by 3179 kg/ha 
as a result of an application of 4000 kg/ha. Therefore, the manure applications 
appear to have added nitrogen to the soils in a quantitative manner over the two- 
I 
year experimental period, as approximately 70% of the nitrogen applied as manure 
was incorporated into the total nitrogen of the soil systems. This also indicates 
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Table 26-Average total nitrogen of South Deerfield manure plot soils sampled on 
November 7, 1974. 
Soil Treatment Depth N Total N in All Depths* 
—% dry weight — — metric tons/ha — 
Plot U A 0.11 c 8.18 c 
— 
B 0.06ef 
C 0.05 f 
D 0.02 g 
Plot L A 0.13b 9.09 be 
B 0.06ef 
C 0.05 f 
D 0.03 g 
Plot M A 0.14b 9.89 b 
B 0.07e 
C 0.05 f 
D 0.03 g 
Plot H A 0.17a 11.60 a 
B C.09d 
C 0.06ef 
D 0.03 g 
★ 
Calculated as 2 X ppm of A + 4 X ppm of (B + C + D). 
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that as larger manure applications are made, greater quantities of nitrogen will 
be available for leaching. There are conditions in highly manured soils, however, 
which have been shown to depress nitrification and stimulate denitrification which 
could in fact reduce the leaching potential from the more highly manured soils. 
This will be considered in more detail in a later section. 
PH 
The pH values of the soils revealed no significant differences between the 
plots for the four depths sampled (Table 27). The A and B layers, however, 
showed a trend of increasing pH as a function of the higher manure applications 
from Plot U to Plot H. These higher pH values in the A and B layers of the more 
highly manured soils could also have contributed slightly to their higher C.E.C. 
values previously reported. 
There was also a trend of increasing pH values from the A to D layers of all 
of the plots with the highest levels in the soils receiving the lowest manure 
applications. This situation appears to reflect the surface soil conditions of the 
more highly manured soils which would result in more of an acid leachate due to 
i 
the larger amounts of manures added to them. This apparently resulted in the 
lower pH values in the deeper depths of the more highly manured soils. 
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Table 27 - Average pH of South Deerfield manure plot soils sampled on 
November 7, 1974. 
Soil Treatment 
- Depth - 
A B C D 
Plot U 
2:1 (.01 M CaCI2) 
4.28 a 4.61 a 5.09 a 5.22 a 
Plot L 4.38 a 4.58 a 4.98 a 5.17a 
Plot M 4.68a 4.73 a 4.95 a 5.09 a 
Plot H 4.63 a 4.77 a 4.76 a 4.99a 
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Exchangeable Calcium 
The levels of exchangeable calcium in the soils show trends of increasing 
concentrations in the A and B layers in response to the manures applied (Table 28). 
The A layer of Plot H was found to be significantly higher in exchangeable cal¬ 
cium than the A layers of the other plots, as was the same layer of Plot M in 
relation to Plots L and U. The B layer of Plot H was also found to be signifi¬ 
cantly higher in exchangeable calcium than that of the other plot soils. Figure 
17also indicates that there was a significant correlation between the increases 
in exchangeable calcium in the A layers in relation to the amounts of manure 
applied, but not in the B. 
The total amounts of exchangeable calcium in the top 107cm of the plots 
increased from Plot U to Plot H, but the increases were not significant (Table 24). 
The levels do, however, show a trend of increased levels of exchangeable calcium 
in the more highly manured soils. 
Exchangeable Magnesium 
The levels of exchangeable magnesium in the soils were found to increase 
consistently in all layers from Plot U to Plot H in response to the manure appli¬ 
cations (Table 28). Definite increases were found in the A layers as the levels 
in Plot H were significantly higher than those of the other plots. The amounts 
of exchangeable magnesium in the A layer of Plot M was also significantly higher 
than the same layer of Plots L and U, as was Plot L in relation to Plot U. The 
plots also followed a similar pattern in relation to their levels of exchangeable 
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Table 28 - Average exchangeable cations of South Deerfield manure plot 
soils sampled November 7, 1974. 
Soil Treatment Depth Ca++ Mg++ K+ 
- meq/100 g dry wei ight- 
Plot U A 1.83 cd 0.24 ef 0.20 g . 
8 1 .20 fg 0.17ef 0.19 g 
C 0.85 gh 0.09 f 0.22g 
D 0.73 gh 0.08f 0.23 fg 
Plot L A 2.21 c 0.65c 0.49 
B 0.90 fgh 0.24ef 0.38 def 
C 0.81 gh 0.13ef 0.31 efg 
D 0.79gh 0.12ef 0.27fg 
Plot M A 2.85b 0.97b 0.79 c 
B 1.34 ef 0.48 d 0.65 c 
C 0.88 fgh 0.19 ef 0.38 def 
D 
% 
0.80 gh 0.13ef 0.28 fg 
Plot H A 3.30 a 1.43 a 1.18a 
B 1.72de 0.88b 1.01b 
C 0.68 h 0.31 e 0.71 c 
D 0.70h 0.22ef 0.44 de 
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magnesium in the B layers as Plot H was significantly higher than the other plots, 
while Plot M was significantly higher than Plots Land U. These increases, plotted 
in Figure 18 indicate a significant correlation between the increases in exchange¬ 
able magnesium in the A and B layers in response to the manure treatments. 
The total amounts of exchangeable magnesium in the top 107cm of the plot 
soils showed continued increases from Plot U to Plot H, reaching the highest levels 
in the more highly manured soils (Table 24). The levels in Plot H were found to 
be significantly higher than the other plots, as were the amounts in Plots M and 
L in relation to Plot U. These figures express a definite trend of increased levels 
of exchangeable magnesium in the soils as a function of the amounts of manure 
applied. 
Exchangeable Potassium 
The levels of exchangeable potassium in the soils showed consistent increases 
in all levels from Plot U to Plot H in response to the manure applications (Table 28). 
The A and B layers of all of the plots were found to increase significantly in ex¬ 
changeable potassium from Plot U to Plot H. There were also significant increases 
in the C and D layers of the more highly manured soils as compared to Plots L and 
U. The increases in the A and B layers, plotted in Figure 19 indicate a highly 
significant correlation between the amounts of manure applied and subsequent 
increases in exchangeable potassium within these two levels. 
The total amountsof exchangeable potassium in the top 107cm of the plots 
also increased from Plot U to Plot H as a result of the manure applications, with 
the highest concentrations in the more highly manured soils (Table 24). The 
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levels of exchangeable potassium in Plot H were found to be significantly 
greater than the amounts in the other plot soils, while Plots Land M were 
also significantly higher than Plot U. From these figures, definite increases 
in the total amounts of exchangeable potassium in the soils due to the manure 
applications can be observed. 
Available Phosphorus 
The available phosphorus content of the manure plot soils did not show any 
significant differences as a result of the manure applications (Table 29). The 
A layers of the plots averaged 720 ppm, as compared to 344 ppm in the B, 148 
ppm in the C and 156 ppm in the D. The A and B layers did, however, show a 
general trend of increasing concentrations of available phosphorus from Plot U 
to Plot H, but they were not consistent and not found to be significant. 
The total amounts of available phosphorus in the top 107 cm of the plot 
soils also showed general increases from Plot U to Plot H but there were also 
not significant (Table 24). Plot H, however, did have higher levels of avaiI- 
able phosphorus than Plots M and L, which were also higher than Plot U. So 
it does appear that the manure applicationsdid tend to increase the soil levels 
of available phosphorus, especially in relation to Plot H. In the future as the 
manure applications are continued and crops are continually grown, more sub¬ 
stantial differences in available phosphorus should become evident. 
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Table 29 - Average available phosphorus content of South Deerfield manure 
plot soils sampled November 7, 1974. 
Soil Treatment 
-Depth- 
A B C D 
ppm dry weight 
Plot U 718a 292 a 127a 153a 
Plot L 735 a 313a 141a 166 a 
Plot M 634 a 338 a 149a 146 a 
Plot H 795 a 436 a 178a 162a 
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Moisture Content 
The moisture contents of the A layers of the soils showed a trend of increased 
moisture content from Plot U to Plot H (Table 30). The A layer of Plot H was 
found to have significantly more moisture than the A layers of the other plots. 
This was also true in relation to the A layer of Plot M which was significantly 
higher in moisture content than the same layer of Plots L and U. The B, C, and 
D layers of the plots, however, did not show any trends in relation to increases 
or decreases in moisture content due to the manure applications. 
Nutrient Content of the Ear Leaves 
The value of ear leaf analyses at silking in evaluating the nutrient status 
of corn has been demonstrated throughout the literature (30, 31, 60). Tyner 
(60) has established the critical nutrient concentrations for the ear leaves at 
silking to be 2.9% N, 0.29% P and 1 .3% K. By comparing these figures to 
the nutrient concentrations of the corn grown on the manured soils in this ex¬ 
periment, a more accurate' assessment of their nutrient status should be possible. 
Nitrogen 
The nitrogen contents of the ear leaves from all of the manured plots were 
higher than Tyner's (60) critical level as they ranged from 3.0-3.4%, while 
the leaves from Plot U were significantly lower in nitrogen than the manured 
plots at 2.4% and lower than the critical level of 2.9% (Table 31). This in¬ 
dicates that nitrogen was sufficiently available for uptake from all of the 
manured soils, while it was much less available from Plot U. It also appears 
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Table 30 - Average moisture content of South Deerfield manure plot soils 
sampled November 7, 1974. 
Soil Treatment Depth Moisture Content 
Plot U A 
% oven dry soi 1 
24.7c 
B 27.8bc 
C 27.7bc 
D 25.0 c 
Plot L A 26.1 be 
B 27.1 be 
C 29.5b 
D 25.4bc 
Plot M A 29.7b 
B 27.2bc 
C 26.2 be 
D 24.8 c 
Plot H A 36.1 a 
B 28.7bc 
C 28.8bc 
D 24.6 c 
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that nitrogen availability and uptake was relatively equal from the manured 
soils, even though the amounts of nitrogen added to the plots as manure in¬ 
creased substantially from Plot L to Plot H. 
The ear leaves from the manure plots were also found to be significantly 
higher in nitrates than those from Plot U, with Plot H also being significantly 
higher than Plots M or L (Table 31). These figures show a trend of increased 
nitrate accumulations in the plants growing in the more highly manured soils, 
as the ear leaves from Plot H had 938 ppm nitrate-nitrogen, as compared to 
725 ppm in Plot M, 650 ppm in Plot L and 338 ppm in the ear leaves of Plot U. 
t 
The levels of nitrates in the ear leaves from Plot H were not significantly higher 
than those of Plot M, thus indicating that the doubling of the manure applica¬ 
tions to Plot H in relation to Plot M did not result in significantly greater ni¬ 
trate-nitrogen levels in the leaves. 
Phosphorus 
All of the ear leaves sampled had concentrations of phosphorus above 
Tyner's (60) critical level of 0.29% with a definite trend of increased uptake 
from the more highly manured soils (Table 31 ). The concentration of phosphorus 
in the ear leaves of Plot H reached a level of 0.40%, which was significantly 
higher than Plots Land U which had levels of 0.36 and 0.30%, respectively. 
In all cases the phosphorus contents were above the critical level, with the great¬ 
est concentrations in the plants growing on the more highly manured soils. 
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Potassium 
All levels of potassium in the ear leaf samples were well above Tyner's 
(60) critical concentration of 1.3% with all of the manured plots significantly 
higher than Plot U (Table 31). This indicates that potassium is present and 
available for uptake in sufficient amounts in all of the soils, and is taken up 
in progressively greater quantities as a function of its soil level. 
Calcium 
The calcium content of the ear leaves of the manured plots were all sig¬ 
nificantly lower than those of Plot U (Table 31). The ear leaves from the 
manured plots also showed a trend of decreasing concentrations of calcium 
from Plot L to Plot H, but the decreases were not significant. The situation 
of significantly lower calcium levels in the ear leaves from the manured plots 
as compared to the control, and a trend of decreasing uptake in the higher 
manured plots appears to reflect the high potassium levels present in the more 
highly manured plots. The high potassium levels of these soi Is are apparently 
resulting in decreases in calcium uptake by the plants. This relation, plotted 
in Figure 20 yielded a correlation coefficient of .78. Although not significant, 
it does suggest that the larger amounts of potassium in the more highly manured 
soils are resulting in decreases in calcium uptake. The present calcium levels 
in the plants, however, are not extremely low, but could continue to retreat 
as future manure applications continue to add additional amounts of potassium 
to the soil. 
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Magnesium 
The magnesium levels in the ear leaves from all of the plots generally 
increased as a result of increased manure applications to the soils, but the 
increases were not found to be significant (Table 31). This indicates that 
magnesium was available for uptake in all of the plot soils, but was taken 
up more readily as a result of its higher levels in the more highly manured 
soils. 
Zinc, Iron, and Manganese 
The amounts of zinc, iron, and manganese in the ear leaves were not 
found to be significantly different among the plots (Table 31). Zinc and 
manganese, however, generally showed slight increases in uptake and 
accumulation from the more highly manured soils, especially Plot H, while 
the levels of iron in the ear leaves remained fairly equal among the samples. 
Yields 
All yields of silage significantly increased in 1974 over 1973, with the 
greatest increases from the more highly manured plots. The averages of the 
yields of 1973 and 1974 from the manured plots were also significantly larger 
than Plot U, but not significantly different among themselves (Table 32). 
The same was true in relation to the averages of ear com produced in 1973 
and 1974 which showed no significant differences among the yields from the 
manured plots (Table 32). There were, however, significantly higher yields 
from the manured plots as compared to Plot U. 
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Table 32 - Average yields of silage and ear corn from South Deerfield manure 
plots in 1973 and 1974. 
Soil Treatment 
-Si lage- 
1973 1974 Avg. 
- Ear corn - 
1973 1974 Avg. 
metric tons/ha dry weight 
Plot U 11.1 10.6 10.9b 8.1 7.0 7.6b 
Plot L 14.4 15.1 14.7a 10.2 10.4 10.3a 
Plot M 14.2 15.5 14.8a 9.0 10.6 9.8a 
Plot H 13.6 15.6 14.6a 8.8 10.8 9.8a 
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The nutritional condition of the crop on Plot U which was indicated by 
the ear leaf analyses to be deficient in nitrogen, led to its poor growth during 
the 1974 growing season. The crops on the manured plots, however, had 
sufficient amounts of nitrogen as indicated by the same ear leaf analyses which 
resulted in relatively equal growth and yields among them. These relatively 
equal yields also indicate that the additional nutrients taken up by these plants, 
as indicated by the ear leaf analyses, did not result in either significantly higher 
or lower yields. 
Macronutrient Content of Corn Stover and Grain 
Nitrogen 
The total nitrogen content of the corn stover produced on the manure plots 
increased from Plot U to Plot H (Table 33). The stover from Plot U had the 
lowest percentage of nitrogen, 0.56%, followed by Plot L with 0.80%, Plot M 
with 0.83% and Plot H with 0.99% of dry weight. Although these increases 
were not significant, a definite trend of increased nitrogen availability and 
uptake can be seen from these figures as the greatest amounts of nitrogen were 
taken up from the more highly manured soils. 
The nitrogen content of the grain samples showed a similar trend, with sig¬ 
nificant increases in Plot H over Plots M and L, and all of the manured plots 
over Plot U (Table 34). These data follow the trends of nitrogen accumulation 
in the stover as they show that the more highly manured soils had more nitrogen 
available for uptake and subsequent translocation to the grain. 
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Table 34 - Average macronutrient content of corn grain from South Deerfield 
manure plots. 
Soil Treatment N P K Ca Mg 
% dry weight 
Plot U 1.24c 0.13a 0,31a 0.00083a 0.10b 
Plot L 1.43b 0.18a 0.29a 0.00078a 0.11b 
Plot M 1.54b 0.14a 0.33 a 0.00078a 0.13a 
Plot H 1.70a 0.15a 0.35 a 0.00083a 0.13a 
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This same situation is reflected in the total amounts of nitrogen accum¬ 
ulated as the crops on the manured plots took up significantly more nitrogen 
than those on Plot U (Table 35). The total nitrogen taken up by the crop on 
Plot H was also significantly higher than that of Plots M or L. There was then, 
a definite trend of increased nitrogen uptake by the crops as a result of higher 
soil manure applications. 
Phosphorus 
The concentrations of phosphorus in the stover and grain samples from the 
plots were not significantly different though they ranged from 0.09 to 0.16% 
in the stover and from 0.13 to 0.18% of dry weight in the grain (Tables33,34). 
There was, however, a trend of increased phosphorus concentrations in the 
plant stover grown on the more highly manured soils. 
The total amounts of phosphorus taken up by the crops from the manured 
plots were not found to differ significantly, but were significantly greater 
than the amounts removed by the crop on Plot U (Table 35). There was also 
a trend of increasing total uptake from the more highly manured soils. So, 
even though the soil levels of available phosphorus were relatively equal 
among the plots, there were slightly larger amounts of phosphorus removed 
by the crops from the more highly manured soils. 
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Table 35 - Average total nutrients removed by corn crop from South Deerfield 
manure plots in 1974. 
Soil Treatment N P K Ca Mg Mn Fe Zn 
- 
kg/ha 
10b Plot U 90 c 12b 69 c 14a 0.23b 0.9c 0.08 d 
Plot L 159b 20 a 144b 14a 16a 0.28b 1 .3b 0.12c 
Plot M 171 ab 19a 186 a 12a 18a 0.29b 1 .6a 0.15b 
Plot H 194a 22 a 188a 11a 19a 0.49a 1.6a 0.30a 
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Potassium 
The concentrations of potassium in the corn stover samples from the 
manured plots were not found to differ significantly. They were, however, 
significantly higher than the concentrations in the samples from Plot U 
(Table 33). There was also a trend of increased accumulations of potassium 
in the stover samples from the more highly manured soils apparently as a result 
of the higher levels of exchangeable potassium in them. 
The levels of potassium in the grain samples were not found to be signifi¬ 
cantly different, although those from the highly manured plots accumulated 
slightly more (Table 34). This suggests that potassium was translocated more 
readily in the plants growing in the more highly manured soils as a result of 
greater potassium uptake from them. 
The total amounts of potassium accumulated by the crops reflect the higher 
soil levels of exchangeable potassium due to the manure applications (Table 35). 
The plants on Plots M and H removed significantly more potassium than did the 
% 
crops on the other plots, while the crop on Plot L also took up significantly 
more potassium than the crop on Plot U. Throughout all of the plots, then, 
there was a definite trend of increased potassium accumulation from Plot U to 
Plot H, thus reflecting the progressively higher soil levels of potassium as a 
result of the mcnure applications. 
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Calcium 
The calcium content of the stover did not significantly change among the 
plots although a definite trend of decreased uptake as a function of manure 
applications was evident (Table 33)* This trend appears to be a result of the 
progressively higher levels and uptake of potassium from the manured soils 
which may have depressed calcium uptake ( 7 ,57). The grain samples, 
however, were all very low in calcium and exhibited no trends in relation 
to the soil conditions (Table 34). 
The same situation occurred in relation to the total amounts of calcium 
accumulated by the crops, as the levels from Plots U and L were higher than 
from Plots M and H (Table 35). These data plotted in Figure 21 show a highly 
significant correlation with the total amounts of exchangeable potassium in the 
soils. The correlation coefficient of .95 indicates a definite situation of de¬ 
creases in total uptake of calcium due to the high soil levels of potassium which 
were the result of the high manure applications. 
Magnesium 
The concentrations of magnesium were significantly higher in the stover 
from the manured plots as compared to Plot U (Table 33). The samples from 
the manured plots, however, were all found to be equal in their concentration 
of magnesium. 
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The magnesium concentrations of the grain samples revealed significantly 
higher amounts in Plots M and H in relation to Plots U and L. These concen¬ 
trations reflect the soils nutrient levels as the more highly manured soils had 
greater concentrations of exchangeable magnesium which enabled greater up¬ 
take and translocation in the plants. The high levels of exchangeable mag¬ 
nesium in the soil of Plot H did not result in large increases in magnesium up¬ 
take by the crop. 
The total amounts of magnesium accumulated by the crops also reflect the 
soil levels of magnesium with a trend of increased total uptake from Plot U to 
Plot H (Table 35). The total amounts of magnesium accumulated by the crops 
on the manured plots were not found to differ significantly, but were in all 
cases significantly greater than the uptake from Plot U. So, although there 
were not significant increases in every case, there was a trend of increased 
magnesium uptake from Plot U to Plot H as a result of the higher levels of 
magnesium in the soils. 
Zinc, Manganese, and Iron 
The levels of zinc, manganese, and iron in the stover samples from the 
plots increased from Plot U to Plot H, but the increases were not significant 
(Table33). The trends do, however, indicate that the availability and uptake 
of these micronutrients was not decreased by the manures added to the soils, 
and in fact, appeared to increase in many cases. 
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The greater availability and concentrations of these micronutrients in the 
more heavily manured soils is evident in relation to the total amounts of these 
micronutrients taken up by the crops (Table 35)- The amounts of manganese 
taken up increased from Plot U to Plot H with the level of Plot H being sig¬ 
nificantly higher than all of the other plots. 
The total amounts of iron removed by the crops also increased as a function 
of manure applications from Plot U to Plot H, with the amounts removed from 
the manured plots being significantly greater than from Plot U. The amounts 
removed in the crops of Plots L and H were also significantly higher than that 
of Plot M. 
The situation in relation to zinc was more directly related to the manure 
treatments as the amounts of zinc removed increased significantly from Plot U 
through Plot H. All of these data, then, indicate that these micronutrients 
were present in larger quantities and more available for uptake from the more 
highly manured soils. 
The Chemical Composition of the Lysimeter Waters 
Nitrate-Nitrogen 
Throughout the experimental period, the nitrate-nitrogen content of the 
lysimeter waters revealed concentrations in direct relation to the amounts of 
manure applied to the soils for Plots U, L, and M (Figure 22). Plot M had 
the highest levels with an average of 108.2 ppm, followed by Plot L which 
averaged approximately half that of Plot M at 44.4 ppm, and Plot L which 
had low concentrations during the period and averaged 14.9 ppm. 
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The levels of nitrate-nitrogen in the lysimeter waters of Plot H, however, 
followed a different pattern than the other plots (Figure 22). For the first 55 
days of the experimental period, its nitrate-nitrogen levels were lower than 
all of the other manured plots and also lower than Plot U. During the next 
75 days, the nitrate-nitrogen concentrations began to increase at a relatively 
slow rate until reaching the level of Plot L. They then began to increase ot 
a more rapid rate and reached the level of Plot M after approximately 170 
days. After this point, the nitrate-nitrogen contents of the lysimeter wcters 
from Plot H increased very rapidly to concentrations of over 300 ppm by the 
V 
end of the experimental period. 
The large variations of the nitrate-nitrogen concentrations in the leachate 
from Plot H appear to be caused in part by the high rate of denitrification in 
the plot soil coupled with a decrease in nitrification which has been shown to 
occur in highly manured soils (10, 38,- 54). During this period there was also 
a large demand for nitrogen by the dense crop on Plot H which tended to take 
% 
up nitrates and also to maintain nutrients in the upper levels of the soil. After 
the crop was cut on the 148th day, however, the levels of nitrate-nitrogen 
drastically increased in the lysimeter waters of Plot H, mainly due to the fact 
that there was no longer a demand for it by the crop. After the crop was har¬ 
vested, the soil was also more readily warmed and dried, thus increasing the 
rate of nitrification and decreasing the denitrification potential of the soil. 
The fall seasonal flush of microbial growth occurring approximately at this 
time also most probably contributed to the higher levels of nitrates available 
for leaching through the profile. 
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The total amounts of nitrate-nitrogen contained in the leachate waters over 
the period increased from Plot U to Plot H (Table 36). Plots M and H were also 
found to have lost significantly more nitrate-nitrogen than Plots U and L to the 
lower levels of the profile. Figure 23 also indicates a significant correlation 
between the total amounts of nitrogen added as manure and the total amounts 
of nitrate-nitrogen lost through leaching with a correlation coefficient of .93. 
These data indicate that Plot H lost the largest amounts of nitrates eventhough 
during the growing season it had very low concentrations in its lysimeter waters. 
The main period of the year when waters moved through the profile, however, 
were September through December, during which time the nitrate concentrations 
in its lysimeter waters were rapidly increasing to very high levels. These high 
concentrations during this relatively short period resulted in the largest nitrate 
losses of all of the plots from Plot H. 
Although the total losses of nitrates from Plot H were nearly four times those 
of Plot L, they were as a result of a four-fold increase in manure applications. 
This indicates that the relatively high rates of denitrification occurring in Plot H 
which presumably resulted in the low nitrate levels in its lysimeter waters during 
the growing season did not result in reductions in the total amounts of nitrates 
lost through the profile, but led to proportionally higher losses from rhe more 
highly manured plots. 
The nitrate-nitrogen concentrations in the plot soils at a depth of from 168- 
198 cm were also measured from representative plots at two different samplings 
with the results preserted in Table 37* The levels of nitrate-nitrogen present 
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Table 36 - Average amounts of nutrients lost from top 80-90 cm of South 
Deerfield manure plots due to leaching from May 1974 - December 1974. 
Soil 
treatment 
z
 1 
1 
C
O
 
o
 
z
 
Ortho¬ 
phosphate 
Ca Mg K 
Total Salt 
(NaCI) 
pn/ u Kg/ n 
Plot U 18.3b 0.018a 87.4b 8.2b 14.7b 455 c 
Plot L 114.0b 0.027a 244.4 b 38.4b 36.4b 1241b 
Plot M 354.0a 0.057a 496.9a 67.8ab 124.1b 2827a 
Plot H 401.8a 0.084a 206.9b 122.1a 514.0a 3254 a 
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Table 37 - NOg-N content of South Deerfield manure plots at a depth 
of 168-198 cm at two samplings. 
Soil Treatment 11/7/74 4/7/75 
Plot U 
- ppm dry soil - 
0.9 5.9 
Plot L 6.7 8.4 
Plot M 3.1 10.0 
Plot H 13.5 12.7 
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were found to reflect the manure treatments as they generally increased from 
Plot U to Plot H. The amounts of nitrates in the plot soils at this depth also 
showed an increase from the first to the second sampling thus indicating that 
the nitrates in the upper levels of the soils were moving downward, especially 
in the fall and winter months when the bulk of the water surplus was occurring. 
These results agree with the lysimeter and climatic data which indicate that 
larger amounts of nitrate-nitrogen were leached through the profiles of the 
more highly manured plots. 
Orthophosphate 
Throughout the period of sampling, the orthophosphate levels in the ly¬ 
simeter waters from the plots directly reflected the manure applications 
(Figure 24). Plot H generally had the highest orthophosphate concentrations 
in its lysimeter water as it averaged 0.022ppm followed by Plot M at 0.015 ppm, 
Plot L at 0.006ppm and Plot U at 0.004 ppm. These data express a definite 
trend of higher orthophosphate concentrations as a result of the higher manure 
applications. In all cases, however,- the levels were low, being less than one 
half of what is considered the minimum level that supports nuisance algal growth 
in natural waters (56). It also appears that the levels found in the lysimeter 
waters at this level (80-90cm) would decrease substantially as the waters con¬ 
tinued to move through the profile, thus resulting in very low levels when 
eventually reaching the water table. 
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The total amounts of orthophosphates lost from the soils increased from 
Plot U to Plot H, but the increases were not found to be significant (Table 36). 
There was, however, a general trend of proportional increases in the amounts 
of orthophosphates lost in relation to the amounts of manures applied. Plot H 
had the highest losses but they only resulted in a total of 0.084 kg/ha, which 
is less than 0.03% of the total phosphorus applied as manure to the soil in 1974. 
Soluble Salts 
The soluble salt concentrations in the lysimeter waters from Plot U, L, 
and M followed a trend of increasing concentrations as a function of the 
amounts of manure applied to the soils (Figure 25). Throughout the experi¬ 
mental period, the levels in Plot M averaged 915 ppm. Plot L 403 ppm, and 
Plot U 167 ppm. The average of Plot M is seen to be approximately double 
that of Plot L, thus indicating that a doubling of the manure application in 
this case resulted in an approximate doubling of the soluble salt levels in the 
lysimeter waters. 
The levels of salt in the lysimeter waters of Plot H, however, followed 
a distinctly different pattern (Figure 25). For the first 130 days of the experi¬ 
mental period, the salt levels from Plot H were lower than those of Plot L and 
only slightly higher than Plot U. The concentrations then increased very rapidly 
after the corn was cut on day 148, as the levels reached over 2000 ppm in the 
final sampling. This large increase was apparently due to the decreased plant 
demands for nutrients after the crop was harvested which led to the downward 
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movement of nutrients through the profile. The fall flush of microbial growth 
also most probably contributed to the availability and movement of salts through 
the profile. 
The high soluble salt concentrations in the lysimeter waters of Plot M through¬ 
out the season and the high levels of Plot H in the fall months resulted in their 
total salt losses being significantly higher than from Plots Land U. The total 
amounts of salts leached from Plot L was also found to be significantly greater 
than that lost from Plot U (Table 36). Figure 26 also indicates a significant re¬ 
lation between the total amounts of manure applied to the soils and the total 
amounts of soluble salts leached out with a correlation coefficient of .87. 
As in the case of nitrate-nitrogen, the rapid increase of soluble salts in 
the lysimeter waters of Plot H toward the end of the year when the major down¬ 
ward movements were occurring resulted in its large salt loss from the upper pro¬ 
file. As a result, the amounts of salts lost from the plots increased as a function 
of the amounts of manure applied, with the highest losses being from Plot H. 
PH 
The pH values of the lysimeter waters in the majority of cases reflected the 
conditions of the surfaces of the plot soils due to the manure applications 
(Figure 27). Plots U and L generally had the highest pH levels of their lysimeter 
waters, followed by Plots M and H. The greater amounts of organic activities 
occurring in the more highly manured soils apparently resulted in a more acid 
leachate from the more highly manured soils as compared to Plots L and U. 
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132 
The pH values of the lysimeter waters from all of the plots also generally 
showed low values in the spring, increases throughout the summer months, 
decreases toward the fall, and then increasing values for the rest of the year. 
These fluctuations reflect the traditional spring and fall flushes of microbial 
growth, and also their relatively low numbers during the summer months and 
winter periods. These situations appear to have resulted in the fluctuations 
in the pH values of the leachate waters from the plots with the determining 
factor being the extent of the manure applications. 
Calcium 
The calcium content of the lysimeter waters showed higher levels as a 
result of higher manure applications for Plots U, L, and M. Plot H, however, 
followed a different pattern throughout the year (Figure 28)* 
The average calcium concentration in the lysimeter water from Plot M 
was 145 ppm, which was approximately double that of Plot L which averaged 
72 ppm. This occurred as a result of the doubling of manure applications to 
Plot M over Plot L. Throughout the season, the calcium levels in the leachate 
of Plot U were lower than Plots L or M, as its concentration averaged only 
30 ppm. The calcium concentrations of the lysimeter waters from these three 
plots also showed decreases over the mid to latter parts of the year. 
The calcium concentrations in the lysimeter waters of Plot H, however, 
followed a different course than the other plots. For the first 130 days of 
the experimental period, its concentrations were less than all of the other 
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plots including Plot U. During the next 75 days, primarily after the crop was 
harvested, its calcium levels increased to a concentration greater than from 
Plot M, and then slightly decreased, but remained at a level higher than the 
other plots at the final sampling. 
The total amounts of calcium lost from the soil of Plot M was found to be 
significantly greater than the amounts lost from the other plots (Table 36). 
Plot U had the lowest losses, followed by Plots Land M which had relatively 
equal losses of calcium. From these results there were no significant correlations 
found between the amounts of calcium added and the amounts lost through leach¬ 
ing. 
The significantly lower amounts of calcium leached from Plot H in relation 
to Plot M appear to be the result of the higher levels of crop growth and total 
organic matter in the Plot H soil. This situation apparently maintained the 
calcium in the upper layers of the soil of Plot H and limited its downward move¬ 
ment, thus resulting in lower total losses than from Plot M. 
Magnesium 
The magnesium content of the lysimeter waters over the experimental period 
showed higher concentrations in the leachate waters of the more highly manured 
soils for Plots M, L, and U (Figure 29). The lysimeter waters from Plot M averaged 
22.8ppm, as compared to Plot L at 13.0ppm, and Plot U at 3.4 ppm. As was the 
case with other nutrients, a doubling of the manure applications to Plot M in re¬ 
lation to Plot L resulted in an approximate doubling of the average magnesium 
concentrations in its leachate waters. 
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The magnesium concentrations in the lysimeter waters from Plot H followed 
a different pattern than from the other plots (Figure 29). For approximately 
the first 160 days of the experimental period, the magnesium content of its 
leachate waters were lower than that of Plot L. However, during the final 
months of the year after the crop was removed the levels of magnesium in the 
waters sharply increased from 10 to over 100ppm. This increase and pattern 
of increase closely followed those previously observed in relation to nitrate- 
nitrogen, soluble salts, and calcium concentrations in the waters. 
The total amounts of magnesium lost were higher from the more highly 
manured soils, with Plot H losing significantly greater amounts than Plots L 
or U (Table 36)* Although the magnesium levels in the leachate waters of 
Plot H remained low for all of the growing season, the sharp increase in the 
latter part of the year when the majority of the leaching occurred resulted in 
large losses of magnesium which were the highest among the plots. 
These data also show a relatively constant doubling of the total amounts of 
magnesium lost from Plot L to Plot M and from Plot M to Plot H. Figure 30 
reveals a highly significant correlation between the amounts of magnesium 
added and the amounts lost through leaching with a correlation coefficient of 
.99. This indicates that the doubling of manure applications from Plot L to 
Plot M and from Plot M to Plot H resulted in proportionally equal amounts of 
magnesium lost through leaching from the soils. 
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Potassium 
The potassium content of the lysimeter waters revealed levels in direct 
relations to the amounts of manure applied to the plot soils throughout the 
experimental period (Figure 3l)« The leachate of Plot H averaged 114.3ppm, 
as compared to Plot M at 43.0ppm. Plot L at 11.5 ppm and Plot U at 4.7ppm. 
The increasing levels of potassium in the lysimeter waters of the manured plots 
reflect the amounts of potassium applied in the manure applications and con¬ 
tained in the soils in excess of plant demands that would be available for loss 
through the profile. Although the crops on the more highly manured soils re¬ 
moved more potassium, the total amounts taken up did not amount to a large 
proportion of the total potassium added as manure to the system. 
The same situation can be observed in relation to the total amounts of 
potassium lost from the soils as Plot H lost significantly more than the other 
plots (Table 36). There was also a definite trend of increased potassium losses 
from Plot U to Plot H as a result of the higher manure applications. This trend 
is substantiated in Figure 23 , a a plot of the relation between the total amounts 
* 
of potassium added and the total amounts of potassium lost through leaching 
yielded a significant correlation coefficient of .95. 
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Nutrient Budget 
A nutrient budget for the South Deerfield manure plots was calculated 
and is presented in Table 38 . In many cases the calculated leaching losses 
are found to be approximately equal to the leaching losses as estimated by 
the lysimeter and climatic data. There are also, however, some situations 
where the total amounts of nutrients added to the soils as manure apparently 
resulted in larger net increases of these nutrients to the soil system. Inherent 
problems in our high manure experiments, especially in relation to accurate 
manure applications and representative soil and water samples, most probably 
contributed to the errors. 
The balance sheet does, however, give a fairly good picture of the general 
nutrient movements throughout the soils, plants, and leachate waters. 
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EXPERIMENT III 
SUMMARY AND CONCLUSIONS 
The previous findings described some of the changes in the soils, plants, 
and leachate waters which occurred in response to high manure treatments. 
From these data, conclusions as to the effects of high rates of manure on this 
system can be made. 
1) The levels of exchangeable bases, as well as the cation exchange capacity 
and organic matter content of the plot soils showed trends of increasing concen¬ 
trations from Plot U to Plot H. These increases in many cases, especially in 
relation to the A and B layers, were found to be significant and significantly 
correlated to the total manure applications. The available phosphorus levels 
of the soils, however, were relatively equal among the plots showing neither 
consistent increases nor decreases among the soils receiving different manure 
treatments. 
2) The yields from 1973 and 1974 showed neither significant increases nor 
decreases among the manured plots. The averages of the manured plots for the 
two years, however, were significantly greater than the average of Plot U. 
These data indicate that the lowest manure treatment added sufficient amounts 
of nutrients to the soils for maximum plant growth, in this case, while the highest 
treatment did not lead to significant decreases in crop yields over the period. 
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3) The pH values of the plot soils revealed higher levels in the surface 
layers of the more highly manured soils as compared to the lower manured plots. 
The lower depths of the soils showed trends of lower pH values under the more 
highly manured soils presumably in response to the more acid leachate resulting 
from the higher amounts of manure applied to their surfaces. The differences 
in pH among the plot soils at all depths, however, were not found to be significant. 
4) The ear leaf analyses of the corn plants at silking in 1974 revealed sufficient 
levels of nitrogen, phosphorus and potassium in the corn plants growing on the 
manured plots, while the corn on Plot U had sufficient levels of phosphorus and 
potassium, but a nitrogen concentration below the critical level. 
General trends of increased accumulations of zinc, iron, and manganese in 
the ear leaves were also observed from Plot U to Plot H. These analyses suggest 
that the higher soil levels of nutrients due to the high manure applications led 
to increased accumulations of these nutrients by the crop. They also revealed 
that nitrogen, phosphorus, and potassium were supplied in more than sufficient 
amounts to the plants growing in the manured soils. 
5) The nutrient concentrations of the corn stover samples revealed trends of 
increased accumulations of nitrogen, phosphorus, and potassium from Plot U to 
Plot H, reflecting the higher soil levels of these nutrients. This was also the 
case in relation to zinc, iron, and manganese, all of which were taken up in 
increasing amounts by the plants on the more highly manured soils. Calcium, 
however, decreased in concentration in the stover samples from the more highly 
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manured soils, apparently as a result of the higher potassium levels in these 
soils. 
6) The nutrient concentrations of the corn grain samples also showed trends 
of increased uptake from Plot U to Plot H for nitrogen, phosphorus, potassium, 
and magnesium, with the highest concentrations in the grain samples from the 
more highly manured soils. This suggests that these nutrients were more available 
for uptake and subsequent translocation to the grain from the more highly manured 
soils. 
7) The total amounts of nutrients taken up by the crops showed increased 
levels of nitrogen, phosphorus, potassium, and magnesium from Plot U to Plot H, 
which in many case were significant. The total amounts of zinc, iron, and 
manganese accumulated by the crops also increased from Plot U to Plot H and 
were also significant in many cases. Calcium, however, showed a trend of de¬ 
creased total uptake from Plot U to Plot H, which was found to be significantly 
correlated to the levels of exchangeable potassium in the soils. These trends 
again reflect the higher concentrations of nutrients in the more highly manured 
soils which led to their increased uptake. The high soil level of exchangeable 
potassium, however, appears to have caused the decreases in calcium uptake. 
8) The total amounts of nutrients lost from the plots as measured by the mon¬ 
itoring of the lysimeter waters revealed increased losses of nitrate-nitrogen, 
orthophosphate, potassium, magnesium, and total soluble salts from Plot U to 
Plot H which were significant in some cases. The highest levels were lost from 
Plot H eventhough it had very low concentrations of all of these nutrients in its 
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lysimeter waters during the majority of the growing season. However, the large 
increases in these levels in the leachate waters due to the removal of the crop 
and environmental factors in the fall of the year when the majority of the water 
surplus occurred caused its losses to be the highest among the plots. 
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